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PREFACE 


This  is  the  sixteenth  in  a series  constituting  a "public  record"  of  activities  in  regard  to  the 
National  Institutes  of  Health  (NIH)  Guidelines  for  recombinant  DNA  research. 

The  first  fifteen  volumes  cover  events  from  February  1975  through  June  1992.  This 
sixteenth  volume  covers  events  from  July  1992  through  December  1992. 

Starting  from  Volume  14,  human  gene  transfer/therapy  protocols  that  have  been  approved 
by  the  NIH  Recombinant  DNA  Advisory  Committee,  are  collected.  Documents  of  each 
human  study  include  the  clinical  protocol,  the  Informed  Consent  document  describing  the 
study  in  a nontechnical  language,  both  scientific  and  nontechnical  abstracts,  and  curriculum 
vitae  of  the  principal  investigators. 

Volumes  1 through  5 in  this  series  and  the  Environmental  Impact  Statement  may  be 
purchased  from  the  Superintendent  of  Documents,  U.S.  Government  Printing  Office  (GPO), 
Washington,  DC  20402  or  GPO  bookstores  in  selected  cities  throughout  the  United  States. 
They  may  also  be  viewed  in  some  600  public  libraries  of  the  GPO  depository  system.  The 
GPO  stock  numbers  are:  Volume  1,  017-004-00398-6;  Volume  2,  017-040-00422-2;  Volume 
2 Supplement  (Environmental  Impact  Statement),  017-040-00413-3;  Volume  3,  017-040- 
00429-0;  Volume  3 Appendices,  017-040-0043-3;  Volume  4,  017-040-00443-5;  Volume  4 
Appendices  017-040-00422-7;  and  Volume  5,  017-040-00470-2.  Volumes  6 through  16  are 
available  from  the  Office  of  Recombinant  DNA  Activities,  Building  31,  Room  4B11, 
National  Institutes  of  Health,  Bethesda,  MD  20892  USA. 
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Estimated  Duration  of  Study:  3 years 

Subjects  of  Amendment:  Number  Sex  Age  Range 

Patients  40  either  18-65 

Amendment  uses  ionizing  radiation?  No 

Amendment  involves  use  of  Durable  Power  of  Attorney?  No 
Off-site  project?  No 
Multi-Institutional  Project?  Yes 
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1.0  PRECIS  OF  AMENDMENT 


We  propose  to  use  retroviral-mediated  gene  transfer  of  the 
neomycin-resistance  marker  gene  into  autologous  bone  marrow 
and  peripheral  blood  stem  cells  to  study  the  biology  of 
hematopoietic  reconstitution  after  transplantation  and  the 
feasibility  of  using  this  type  of  delivery  system  to 
transfer  foreign  genes  to  short  and  long-term  reconstituting 
cells.  We  will  apply  identical  retroviral  transduction 
conditions  and  vectors  to  autologous  bone  marrow  and 
peripheral  blood  stem  cells  harvested  for  transplantation  *as 
part  of  three  clinical  protocols.  These  three  protocols 
enroll  patients  with  multiple  myeloma,  chronic  myelogenous 
leukemia,  or  metastatic  breast  cancer.  The  protocols  are 
being  carried  out  in  collaboration  between  two  institutions: 
the  National  Institutes  of  Health  (Clinical  Hematology 
Branch,  NHLBI  and  Medicine  Branch,  NCI)  and  the  University 
of  Virginia  School  of  Medicine,  Department  of  Hematology  and 
Oncology.  The  decision  to  submit  a "generic"  genetic 
marking  amendment  for  all  three  clinical  protocols  is  based 
on  the  use  of  identical  transduction  conditions  and  vectors 
by  the  same  group  of  investigators  in  each. 

Eligible  patients  will  have  70%  of  their  harvested  bone 
marrow  and-  peripheral  blood  stem  cells  processed  and 
cryopreserved  as  per  the  original  protocols.  The  remaining 
30%  will  be  enriched  for  cells  carrying  the  CD34  antigen,  a 
protein  found  on  the  surface  of  primitive  progenitor  and 
stem  cells,  and  transduced  with  Neo*  retroviral  marking 
vector  in  vitro  for  a 72  hour  period  in  the  presence  of 
hematopoietic  growth  factors.  Myeloma  and  CML  patients 
receiving  both  bone  marrow  and  peripheral  blood  stem 
transplantation  will  have  these  two  populations  marked  with 
two  separate  vectors.  After  conditioning  chemoradiotherapy , 
both  the  transduced  and  the  non-transduced  populations  will 
be  returned  to  the  patient.  Molecular  analysis  for  the 
marker  gene  will  be  carried  out,  and  if  successful  short  or 
long-term  marking  occurs,  critical  pilot  information  may  be 
obtained  regarding  the  biology  of  autologous  reconstitution, 
the  feasibility  of  retroviral  gene  transfer  into 
hematopoietic  cells,  and  the  contribution  of  viable  tumor 
cells  within  the  autograft  to  disease  relapse. 
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2 . 0 OBJECTIVES 


The  objectives  of  the  proposed  amendment  are  to  use 
retrovirally-mediated  gene  transfer  into  autologous  bone 
marrow  and  peripheral  blood  cells  to  study: 

1)  Whether  retrovirally-mediated  gene  transfer  to  human 
hematopoietic  long-term  reconstituting  stem  cells  is 
feasible  using  a CD34-enriched/  growth  factor-stimulated 
target  cell  population,  in  preparation  for  gene  therapy 
protocols  directed  at  each  of  these  diseases. 

2)  The  relative  contribution  of  bone  marrow  versus 
chemotherapy  and  growth  factor-mobilized  peripheral  blood 
cells  to  short-term  and  long-term  reconstitution  after 
autologous  transplantation. 

3)  The  kinetics  of  autologous  reconstitution  after 
transplantation  of  CD34-enriched  peripheral  blood  and/or 
bone  marrow  cells. 

4)  The  effect  of  using  ablative  (multiple  myeloma  and  CML 
protocols)  versus  less  ablative  (breast  cancer  protocol) 
conditioning  regimens  on  the  ability  to  achieve  sustained 
engraftment~with  transduced  progenitor  or  stem  cells. 

5)  The  effect  of  different  peripheral  blood  stem  cell 
mobilization  regimens  and  pre-bone  marrow  harvest 
chemotherapy  used  in  the  three  clinical  protocols  on  gene 
transfer  efficiency  into  progenitor  and  stem  'cells. 

6)  Whether  the  source  of  relapse  after  autologous 
transplantation  for  metastatic  breast  cancer,  multiple 
myeloma  and  CML  is  due  to  re-infusion  of  residual  clonagenic 
tumor  cells  persisting  in  CD34-enriched  bone  marrow  or 
autologous  peripheral  blood  stem  cells,  or  tumor  cells 
remaining  in  the  patient  even  after  extensive  pre-transplant 
conditioning. 


3.0  SCIENTIFIC  RATIONALE  AND  BACKGROUND 


3 . 1 Rationale : 

The  primary  rationale  for  the  use  of  genetic  marking  in 
these  autologous  transplantation  studies  is  the  inability  to 
distinguish  whether  hematopoietic  cells  or  relapsed  tumor 
originates  from  transplanted  autologous  cells  or  from 
residual  activity  regenerating  in  the  host  after 
conditioning.  The  biology  of  autologous  transplantation  is 
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thus  poorly  understood,  and  the  impact  of  manipulations  such 
as  the  use  of  peripheral  blood  versus  bone  marrow  grafts, 
the  use  of  hematopoietic  growth  factors  before  or  after 
transplant  or  ex  vivo,  the  use  of  ablative  versus  non- 
ablative conditioning  regimens,  and  tumor  cell  purging  or 
positive  stem  cell  selection  can  not  be  effectively 
assessed.1  In  autologous  transplantation,  it  is  unknown  if 
autologous  marrow  or  peripheral  blood  cells  simply  provide  a 
temporary  bridge  until  endogenous  marrow  recovers,  or  if 
true  viable  stem  cells  are  transplanted  that  completely  and 
permanently  repopulate  the  recipient.  Retroviral  marking 
provides  a unique  methodology  for  distinguishing  cells 
arising  from  the  autograft  from  those  arising  from 
recovering  endogenous  marrow. 

Following  myeloablative  therapy  the  combination  of  bone 
marrow  plus  peripheral  blood  stem  cell  (PBSC)  infusions  have 
led  to  more  rapid  hemopoietic  reconstitution  than  observed 
with  bone  marrow  support  alone.2'3  The  relative  contribution 
of  each  to  short  or  long  term  engraftment  is  unknown.  In 
contrast,  while  many  patients  who  receive  PBSC  autografts 
alone  experience  rapid  hematologic  recovery,  a number  endure 
incomplete,  transient,  or  delayed  reconstitution.4 
Therefore,  PBSC  may  provide  a source  of  committed 
progenitors  responsible  for  early,  but  often  incomplete 
marrow  regeneration,  whereas  bone  marrow  may  contain 
pluripotent  stem  cells  sufficient  to  achieve  durable 
engraftment.  In  patients  who  receive  PBSC  alone,  late 
recovery  may  be  unrelated  to  the  autograft  and  may  instead 
result  from  endogenous  recovery. 

By  genetically  marking  PBSC  and  bone  marrow,  each  with  a 
unique  retroviral  marking  vector,  serial  studies  post- 
transplant may  make  it  possible  to  determine  their  relative 
roles  in  hemopoietic  reconstitution.  If  initial  studies 
demonstrate  the  feasibility  of  marking  these  cells  in  vitro 
and  being  able  to  detect  them  post-transplant,  the  impact  of 
a myriad  of  interventions  could  be  assessed,  including  pre- 
harvest chemotherapy  or  growth  factor  therapy,  in  vitro 
expansion  or  purging  of  the  harvested  cells,  and  post- 
transplantation growth  factor  therapy.  If  permanent 
engraftment  can  be  shown  to  occur  with  marked  peripheral 
blood  stem  cells,  then  the  use  of  this  population  for 
genetic  therapy  and  even  for  allogeneic  transplantation  can 
be  considered. 

The  three  clinical  autologous  transplantation  protocols 
included  in  this  amendment  utilize  different  regimens  prior 
to  collection  of  bone  marrow  or  peripheral  blood  cells, 
different  conditioning  regimens  prior  to  transplant,  and  it 
is  likely  that  in  these  three  disease  states  hematopoiesis 
is  very  different  at  baseline.  Both  leukemic  and  non- 
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leukemic  hematopoieti-c  progenitor  cells  from  patients  with 
CML  have  many  differences  from  normal  cells,  and  may  behave 
differently  during  hematologic  reconstitution  and  as  targets 
for  gene  transfer.5  In  the  CML  protocol  peripheral  blood 
stem  cells  are  collected  while  the  patient  is  on  G-CSF 
during  recovery  from  high-dose  daunorubicin  and  ara-C 
chemotherapy  given  to  decrease  the  percentage  of  bcr-abl+ 
cells,  and  bone  marrow  is  harvested  after  5-f luorouracil 
treatment.6-8  The  conditioning  regimen  in  the  CML  protocol 
involves  very-high  dose  cyclophosphamide  and  total  body 
irradiation,  and  would  be  considered  ablative. 

In  the  myeloma  protocol,  peripheral  blood  cells  for 
transplantation  are  collected  after  treatment  with  high-dose 
cyclophosphamide  and  G-CSF,  and  bone  marrow  is  harvested 
after  5-f luorouracil  administration.  Conditioning  consists 
of  very-high  dose  melphalan  and  total  body  irradiation,  and 
is  ablative.  The  breast  cancer  protocol  does  not  include 
peripheral  blood  stem  cell  harvest,  but  the  marrow  is 
collected  soon  after  completion  of  standard  multi-agent 
chemotherapy.  The  conditioning  regimen  (ICE)  is  not 
completely  ablative.  If  there  are  major  differences  in  the 
pattern  of  autologous  reconstitution  or  in  the  efficiency  of 
gene  transfer  between  the  three  patient  groups,  then  the 
results  will  guide  future  gene  therapy  protocols. 

Disease-directed  gene  therapy  of  both  congenital  deficiency 
states  and  hematopoietic  malignancies,  or  gene  therapy 
strategies  designed  to  protect  normal  hematopoietic  stem 
cells  from  anticancer  therapies  will  only  be  possible  if 
long-term  reconstituting  stem  cells  can  be  transduced.9'10 
Marking  studies  such  as  this  one  will  lay  the  groundwork  for 
assessing  the  impact  of  source  of  target  cells  (i.e. 
peripheral  blood  versus  bone  marrow) , pretreatment  of  the 
donor  with  chemotherapy  or  growth  factors,  and  type  of 
conditioning  regimen  on  gene  transfer  efficiency.  Pilot 
studies  using  a neutral  marker  gene  are  necessary  to  assess 
the  feasibility  and  safety  of  most  gene  transfer  procedures 
before  using  therapeutic  vectors  that  could  themselves 
perturb  hematopoiesis.  Therapeutic  vectors  for  all  three 
diseases  are  in  preclinical  development  in  our  laboratory. 

An  interleukin-6  autocrine-paracrine  loop  may  be  central  to 
the  development  and  propagation  of  multiple  myeloma.11-13  It 
is  possible  that  this  loop  could  be  interrupted  with  soluble 
gpl30  (part  of  the  interleukin  6 receptor  complex)  produced 
locally  in  the  marrow  by  a retroviral  vector.  Retroviral 
delivery  of  leukemia  inhibitory  factor  (LIF)  to  the  marrow 
microenvironment  may  give  normal  progenitor  and  stem  cells 
an  advantage  over  leukemic  cells.14  Transduction  of  normal 
progenitor  or  stem  cells  from  patients  with  breast  cancer 
with  the  multidrug  resistance  gene  (MDR1)  might  permit  the 
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delivery  of  higher  dose  chemotherapy  with  less  marrow 
suppression . 15,16 

Genetic  marking  may  also  help  assess  the  source  of  relapse 
after  autologous  transplantation  in  these  three 
malignancies.  Contamination  of  harvested  marrow  and 
peripheral  blood  with  tumor  is  clearly  inevitable  in  CML  and 
myeloma,  and  is  also  likely  in  metastatic  breast  cancer.17 
The  utility  and  feasibility  of  purging  the  graft  of  tumor 
cells  remains  controversial,  and  genetic  marking  studies 
already  in  progress  are  designed  to  address  this  issue  in 
neuroblastoma,  acute  leukemia  and  CML.  In  our  transduction 
protocol,  there  are  three  potential  sources  of  relapse:  1) 
residual  tumor  cells  surviving  conditioning  in  the  patient 
2)  tumor  cells  contaminating  the  non-transduced  70%  of  the 
harvested  bone  marrow  and  peripheral  blood  3)  tumor  cells 
remaining  in  the  CD34-selected  and  then  transduced  marrow 
and  peripheral  blood  cell  populations.  Whether  or  not 
marked  retrovirally-marked  tumor  cells  can  be  detected  after 
transplantation  with  a CD34-enriched  transduced  population 
will  be  critical  information  to  have  before  designing 
genetic  therapies  directed  at  these  diseases.  For  instance, 
if  marked  breast  cancer  cells  can  be  detected  at  relapse, 
then  gene  transfer  of  a chemoprotective  MDR1  gene  into 
harvested  marrow  would  be  contraindicated. 

Three  aspects  of  this  proposed  genetic  marking  study  differ 
from  the  autologous  hematopoietic  transplantation  protocols 
previously  approved  by  the  Recombinant  DNA  Advisory 
Committee  and  already  in  progress:  1)  The  use  of  a CD3  4- 
enriched  target  bone  marrow  or  peripheral  blood  stem  cell 
population  instead  of  whole  bone  marrow;  2)  The  use  of  a 
longer-term  in  vitro  culture  period  for  transduction  (72 
hours  versus  6 hours);  3)  The  inclusion  of  the  hematopoietic 
growth  factors  IL-3,  IL-6  and  SCF  (stem  cell  factor)  in 
cultures  during  retroviral  transduction.  Based  on  our 
preclinical  in  vitro  and  animal  studies,  we  feel  that  these 
conditions  are  necessary  to  achieve  a reasonable  efficiency 
of  gene  transfer  to  progenitors,  and  to  have  any  chance  of 
gene  transfer  to  reconstituting  stem  cells. 


3 . 2 Enrichment  for  CD34+  cells: 

Monoclonal  antibodies  have  been  developed  that  recognize  a 
115,000  dalton  cell  surface  glycoprotein  (CD34)  found  on  the 
surface  of  1-3%  of  human  bone  marrow  cells  but  not  on  the 
surface  of  mature  hematopoietic  cells  such  as  granulocytes, 
lymphocytes,  red  cells  or  platelets.18'19  Further  studies 
have  shown  that  the  CD34  antigen  is  present  on  virtually  all 
hematopoietic  progenitors  assayed  by  in  vitro  colony  assays, 
and  on  more  immature  long-term  bone  marrow  culture 
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initiating  cells.20,21  The  CD34  antigen  is  not  detectable  on 
the  surface  of  most  tumor  cells,  including  breast  cancer  and 
myeloma  cells.22  It  is  present  on  both  normal  and  bcr-abl  + 
progenitors  in  patients  with  CML.  23,24  The  expression  of  the 
CD3 4 antigen  on  hematopoietic  progenitors  and  its  absence  on 
more  mature  cells  and  on  most  types  of  tumor  cells  has  led 
to  the  development  of  positive  CD34  selection  techniques  for 
use  in  autologous  transplantation. 

Possible  advantages  of  using  CD34-enriched  marrow  for 
autologous  transplantation  include  depletion  of  tumor  cells 
and  a reduction  in  the  volume  of  marrow  being  cryopreserved 
and  then  given  back  to  the  patient,  with  an  associated 
reduction  in  complications  resulting  from  the  infusion  of 
cellular  debris  and  freezing  solution.  Use  of  CD34-enriched 
hematopoietic  cells  for  gene  transfer  studies  has  the 
practical  advantage  of  requiring  a much  lower  volume  for 
transduction,  and  the  related  theoretical  advantage  of 
allowing  a higher  multiplicity  of  infection  of  viral 
particle  to  progenitor  or. stem  cell  target,  as  well  as 
depletion  of  possible  inhibitory  cells. 

Berenson  and  coworkers  have  developed  an  immunoadsorption 
technique  for  CD34+  cells  that  relies  on  the  high  affinity 
between  the  protein  avidin  and  the  vitamin  biotin, 
(dissociation  constant=10"15M)  Cells  are  incubated  with 
biotinylated  anti-CD34  monoclonal  antibody  (12.8)  and  then 
passed  through  a column  of  avidin-coated  beads.  Cells  with 
antibody  bound  to  their  surface  are  retained  on  the  column 
while  nonlabelled  cells  pass  through.  Bound  cells  are  then 
removed  from  the  column  by  mechanical  agitation  of  the 
beads,  which  disrupts  the  relatively  weak  CD3 4-antibody 
interaction.  Initial  human  studies  showed  that  the  CD34- 
enriched  fraction  was  35-92%  pure  (as  assessed  by  CD34 
antibody  staining)  and  enriched  for  CFU-GM  22-180  fold.25 

A pilot  study  using  CD34-selected  bone  marrow  cells  for 
autologous  transplantation  in  heavily  pretreated  breast 
cancer  and  neuroblastoma  patients  found  that  the  CD34- 
enriched  population  was  capable  of  hastening  engraftment 
following  myeloablative  therapy.25  A more  recent  Phase  I/II 
clinical  trial  of  18  patients  showed  rapid  engraftment  with 
a mean  of  2.0  X 106  CD34+  cells/kg,  with  neutrophil  and 
platelet  recovery  at  11  and  16  days  post-transplant  in  9 
patients  given  G-CSF  after  transplantation,  (personal 
communication.  Dr.  Ronald  Berenson)  A Phase  III  trial 
comparing  CD34-selected  to  nonselected  marrow  in  autologous 
transplantation  is  about  to  begin.  Peripheral  blood  stem 
cells  can  also  be  CD34-enriched  using  this  technique,  and 
transplantation  with  CD34-enriched  PBSCs  are  in  progess . 26,27  . 
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3 . 3 Ex  vivo  maintenance  and  expansion  of  hematopoietic 
progenitors : 

The  discovery,  isolation  and  cloning  of  hematopoietic  growth 
factors  over  the  past  decade  given  investigators  the  ability 
to  maintain  viability  and  expand  or  differentiate 
hematopoietic  cells  in  vitro.  We  have  shown  that  primitive 
murine  multipotential  CFU-S  (colony-forming  unit-spleen)  can 
be  expanded  up  to  3-fold  by  6 days  in  culture  with 
interleukin  3 (IL3),  interleukin  6 ( IL6 ) and  stem  cell 
factor  ( SCF ) . 28  A more  remarkable  expansion  of  4-8  fold  was 
seen  when  murine  bone  marrow  cells  were  enriched  for  CFU-S* 
via  elutriation  and  lineage  subtraction  prior  to  culture. 
Combinations  of  IL3  and  IL6,  or  IL3  and  SCF  maintain  CFU-S 
number,  but  are  not  as  effective  at  expansion.28-30  The  long- 
term repopulating  ability  of  murine  bone  marrow  cells 
measured  in  competitive  repopulation  experiments  has  also 
been  shown  to  be  enhanced  several  fold  by  in  vitro  culture 
in  SCF,  IL3  and  IL6.28  IL3  and  IL6  alone  maintain  but  do  not 
expand  repopulating  ability.29'31  CD34-f~  cells  isolated  from 
rhesus  bone  marrow  expand  several  fold  in  4 days  of  culture 
with  IL3 , IL6  and  SCF.32  Autologous  transplantation  with 
these  cultured  cells  after  TBI  has  produced  rapid  trilineage 
reconstitution . 

Ex  vivo  marrow  culture  is  beginning  to  be  investigated  in 
human  clinical  trials.  Prolonged  culture  appears  to  give 
normal  progenitor  cells  a selective  advantage  over  leukemic 
(i.e.  bcr/abl  +)  progenitors  in  marrow  samples  from  patients 
with  CML . 33  Turhan  and  Eaves  achieved  marrow  engraftment  and 
Philadelphia  chromosome  negativity  in  three  patients  with 
CML  transplanted  with  autologous  marrow  cells  grown  in  long- 
term bone  marrow  cultures  with  stroma  for  10  days.33 
Naparstek  et  al  have  shown  acceleration  of  hematopoietic 
recovery  after  allogeneic  transplantation  with  marrow  cells 
incubated  in  IL3  and  GM-CSF  for  three  days.34  Berenson  and 
coworkers  are  investigating  the  effects  of  prolonged  ex  vivo 
suspension  culture  of  CD34-enriched  marrow  cells  and  have 
found  that  IL3 , IL6 , SCF  and  IL1  greatly  expand  the  number 
of  both  late  progenitors  (CFU-GM)  and  earlier  progenitors 
(HPP-CFC)  present  after  1-3  weeks  of  culture.  (Dr.  Ronald 
Berenson,  personal  communication)  The  ability  to  expand 
early  progenitors  and  stem  cells  in  culture  will  obviously 
could  lead  to  profound  improvements  in  our  ability  to 
support  patients  through  high  dose  chemotherapy  and  to 
deliver  effective  gentic  therapy. 

There  is  no  evidence  that  primary  breast  cancer  cells  are 
stimulated  by  interleukin  3 (IL3),  interleukin  6 (IL6),  or 
stem  cell  factor  (SCF),  the  growth  factors  we  are  proposing 
to  use  during  transduction  in  this  genetic  marking  protocol, 
although  one  breast  cancer  cell  line  proliferates  modestly 
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in  response  to  very  high  concentrations  of  IL-3. 35/36  Post- 
chemotherapy IL-3  given  in  a Phase  I study  in  at  the  NCI  has 
not  produced  accelerated  tumor  growth  in  15  patients  with 
metastatic  breast  cancer .( personal  communication,  Joyce 
O'Shaughnessy ) CML  progenitors  do  respond  to  these  growth 
factors,  but  as  discussed  above,  culture  of  CML  marrow  cells 
appears  to  selectively  favor  normal  progenitor  cells,  and 
our  preclinical  data  thus  far  shows  no  selective  stimulation 
of  bcr/abl  + progenitors  during  transduction  procedures. 
Plasma  cells  from  some  patients  with  multiple  myeloma 
proliferate  in  response  to  IL6,37  thus  we  have  elected  to 
use  IL3  and  SCF  alone  during  transduction  of  cells  from  the 
multiple  myeloma  patients.  However,  there  is  evidence  that 
the  true  neoplastic  "stem  cell"  in  myeloma  is  not  stimulated 
by  in  vitro  culture  with  IL6.38  C-kit,  the  receptor  for 
stem  cell  factor,  is  not  found  on  plasma  cells,  and  neither 
is  the  receptor  for  interleukin  3. 39/40  We  have  not  observed 
stimulation  of  myelomatous  plasma  cells  using  our 
transduction  conditions. 


3 . 4 Feasibility  of  gene  transfer  to  hematopoietic 
progenitors  and  stem  cells: 

There  is  extensive  evidence  in  murine  model  systems  that 
retroviral  vectors  can  introduce  foreign  genes  at  high 
efficiency  into  hematopoietic  progenitors  and  reconstituting 
stem  cells . 9/10/30/41  A number  of  variables  appear  to  be 
critical  to  effect  efficient  gene  transfer  to  primitive 
progenitor  and  stem  cells,  such  as  5-f luorouracil 
- pretreatment  of  the  donor  animal  prior  to  marrow  harvest, 
co-culture  of  the  target  marrow  cells  with  the  retroviral 
producer  line  instead  of  with  purified  viral-containing 
supernatant,  use  of  very  high  titer  viruses,  and  inclusion 
of  hematopoietic  growth  factors  in  the  media  during 
transduction . 30/31/42/43  Culture  in  the  presence  of  growth 
factors  for  at  least  48  hours  appears  to  be  necessary  for 
efficient  retroviral  gene  transfer  to  murine  stem  cells.30'41 
This  is  presumably  due  to  the  increased  likelihood  of 
proviral  integration  in  actively  cycling  cells.  The  use  of 
5FU  pre-treatment  of  the  donor  and  in  vitro  culture  in  IL3 
and  IL6  produces  long-term  engraftment  with  marked  cells  in 
up  to  90%  of  recipient  mice,  with  up  to  20%  of  circulating 
cells  positive  for  the  provirus. 15/30/31 

Experience  in  larger  animals  is  less  extensive.  Two  groups 
workings  with  dogs  have  shown  gene  transfer  in  0.1-10%  of 
circulating  cells  or  progenitor  cells  of  multiple  lineages 
up  to  2 years  post- transplantation . 44/45  Early  primate 
studies  using  short  exposure  to  low-titer  viral  supernatant 
without  addition  of  growth  factors  could  not  demonstrate 
transduction  of  long-term  repopulating  cells  despite 
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transient  circulation  of  marked  cells  presumably  derived 
from  successfully  transduced  committed  progenitors-  46 
Incorporation  of  the  modifications  found  to  increase  gene 
transfer  efficiency  in  the  murine  models  has  also  improved 
the  results  in  primates.  6/6  primates  transplanted  with 
5FU-primed  marrow  transduced  in  co-culture  with  a high-titer 
but  helper-contaminated  producer  line  in  the  presence  of  IL3 
and  IL6  were  positive  for  proviral  DNA  in  hematopoietic 
tissue  at  6-12  months.42  3/7  animals  transplanted  with 
CD34-enriched  transduced  marrow  had  the  marker  gene 
detectable  in  marrow,  peripheral  blood,  purified 
granulocytes  and  T cells  at  levels  of  1-10%  for  greater  - 
than  100  days  post-transplant.32  However,  the  presence  of 
high-level  helper  virus  contamination  of  the  producer  cell 
line  used  in  these  experiments,  and  chronic  viremia  in  these 
animals  makes  interpretation  of  these  results  difficult.42 
Three  of  these  animals  subsequently  developed  T-cell 
lymphomas  related  to  the  helper  virus  contamination,  (see 
Section  3.5) 

Preclinical  studies  designed  to  directly  assess  the 
feasibility  and  efficiency  of  gene  transfer  to  human  stem 
cells  or  long-term  repopulating  cells  are  not  possible. 
Various  surrogates  have  been  proposed,  including  the  long- 
term bone  marrow  culture  initiating  cell  assay  (LTBMCIC) . 20 
However,  it  is  not  known  if  this  assay  really  predicts  the 
in  vivo  behavior  of  human  stem  cells.  Human  long-term  bone 
marrow  culture  initiating  cells  have  been  successfully 
marked  by  retroviruses.47'50  Several  different  laboratories 
have  shown  that  up  to  40%  of  CFU-C  cultured  out  of  5-8  week 
long-term  bone  marrow  cultures  initiated  with  retrovirally- 
transduced  marrow  are  marked  with  the  proviral  genome.  All 
of  these  studies  have  found  that  culture  for  at  least  three 
days  with  either  hematopoietic  growth  factors  (some 
combination  of  at  least  two  or  three  factors,  including  IL3 , 
with  either  IL6 , SCF,  IL1  or  SCF,  or  autologous  stroma  are 
necessary  for  efficient  transduction.  The  transduction 
process  had  no  effect  on  the  number  of  total  long-term  bone 
marrow  initiating  cells  present,  or  on  clonagenic  progenitor 
production  by  these  cultures.  These  published  studies  used 
higher  titer  viruses  than  are  currently  available  for 
clinical  use.  Of  note,  in  all  of  these  studies,  the 
transduction  efficiency  of  CFU-C  was  nearly  identical  to  the 
transduction  efficiency  of  LTBMCIC. 

In  our  own  laboratories  we  have  performed  a number  of  in 
vitro  experiments  on  CD34-enriched  bone  marrow  and 
peripheral  blood  target  cells  from  normal  volunteers  and 
patients  to  assess  the  efficiency  of  gene  transfer  using  our 
proposed  transduction  conditions.  This  data  is  summarized 
in  Appendix  D.  Using  the  proposed  transduction  conditions, 
10-30%  of  normal  and  patient  bone  marrow  CFU-C  and  5-50%  of 


Recombinant  DNA  Research,  Volume  16 


[13] 


normal  volunteer  non-mobilized  peripheral  blood  CFU-C  were 
transduced.  Preliminary  data  indicates  that  marrow 
harvested  from  patients  treated  with  5FU  10  days  prior  to 
harvest  had  an  increased  transduction  efficiency. 


3 . 5 Feasibility  of  gene  transfer  to  tumor  cells: 

Retroviral  vectors  have  been  successfully  used  to  mark  a 
number  of  fresh  human  malignant  cells  as  well  as  cell  lines. 
Our  laboratory  has  shown  10%  transduction  of  human  myeloma 
cell  lines  ( IM9  and  HS-Sultan).  However,  we  have  not  beerT 
able  to  obtain  in  vitro  evidence  for  transduction  of  primary 
myeloma  tumor  cells  because  of  the  difficulty  of  growing 
these  cells  in  culture  as  colonies.  We  have  isolated  and 
sequenced  tumor-specific  immunoglobulin  gene  rearrangements 
in  individual  myeloma  patients,  and  created  allele-specific 
primers  that  can  be  used  in  a PCR  assay  to  sensitively  and 
specifically  detect  tumor  cells  in  any  cell  population.51 
This  technique  may  allow  us  to  assay  concurrently  for  the 
presence  of  a tumor-specific  genetic  sequence  and  the 
transduced  Neo  gene  in  FACS-sorted  plasma  cells,  B-cell 
progenitors,  and  other  cell  populations  after 
transplantation  with  transduced  cells.  In  the  murine  system, 
our  laboratory  has  shown  that  marked  plasma  cells  are 
detectable  in  animals  transplanted  with  bone  marrow 
transduced  with  a Neo-IL6  retroviral  vector.52 

Transduction  efficiency  of  the  K562  chronic  myelogenous 
leukemia  cell  line  has  been  shown  by  many  laboratories  to  be 
greater  than  10%.  Transduction  efficiency  of  bcr/abl 
positive  CML  CFU-C  in  our  preliminary  experiments  is  5-30% 
(Appendix  D)  We  can  detect  the  presence  of  both  the  bcr/abl 
translocation  and  a transduced  Neo  gene  in  individual 
colonies.  Transduction  efficiency  of  primary  breast 
carcinoma  cells  has  not  been  assessed,  again  due  to  the 
difficulty  of  growing  these  primary  tumor  cells  in  culture. 
Breast  cancer  cell  lines  can  be  transduced  with  efficiencies 
from  1-10% .( Personal  communication.  Dr.  Ken  Cowan) 


3 . 6 Safety  of  the  transduction  procedure: 

The  LNL6  and  GIN. 40  Neo*  marking  vectors:  The  retroviral 

vectors  to  be  used  in  this  protocol  are  safety-modified 
versions  of  the  retroviral  vector  N2.  This  vector  was 
constructed  by  replacing  the  viral  gag,  pol  and  env  genes 
from  the  Moloney  murine  leukemia  virus  (MoMLV)  with  the 
bacterial  neomycin  phosphotransferase  gene.  Since  these 
vectors  contain  no  viral  genes,  after  integration  into  the 
target  cell  chromosome  they  are  incapable  of  producing  the 
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viral  proteins  necessary  to  package  RNA  into  intact 
infectious  virus. 

The  LNL6  and  GlNa.40  retroviral  vectors  contain  additional 
modifications  designed  to  decrease  the  likelihood  of 
recombination  events  between  the  retroviral  vector  and  the 
packaging  cell  line  helper  virus  genome  that  could  generate 
infectious  helper  virus. 53,54  These  modifications  include 
deletion  of  5'  and  3'  regions  homologous  to  parts  of  the 
packaging  genome,  and  a mutation  of  the  gag  region  start 
codon.  More  detailed  information  on  these  marking  vectors  is 
given  in  Appendix  F. 

Producer  cell  lines:  Since  the  LNL6  and  GIN. 40  vectors  are 

replication-defective  and  lack  viral  genes,  their  genome 
must  be  packaged  into  a virion  with  gag,  pol  and  env  gene 
products  supplied  in  trans  by  a MoMLV  helper  genome.  This 
is  accomplished  in  a packaging  cell  line  that  contains  the 
necessary  gag,  pol  and  env  genes  in  a modified  MoMLV 
proviral  genome,  but  with. deletions  that  make  this  helper 
genome  incapable  of  packaging  itself.  Fibroblast  cell  lines 
producing  the  LNL6  or  the  GIN. 40  vector  were  generated  by 
introducing  the  LNL6  or  GIN. 40  proviral  plasmids  via  calcium 
phosphate  co-precipitation  into  the  PA317  packaging  cell 
line,  and  selecting  high-titer  (1-5  X 106  viral  particles/ml 
supernatant),  helper-virus-free  clones.  Clinical  grade,  FDA- 
reviewed  vector-containing  supernatants  from  these  producer 
cell  lines  are  produced  at  Genetics  Therapy  Incorporated, 
and  extensively  tested  for  contaminating  microorganisms, 
replication-competent  virus,  and  biologic  titer  of 
retroviral  particles  prior  to  use.  (See  Appendix  G for  a 
list  of  safety  tests  performed  on  retroviral  supernates  by 
GTI  prior  to  release)  Over  200  lots  of  clinical-grade  LNL6 
and  GIN. 40  supernatants  have  been  produced  at  GTI,  and  none 
have  shown  evidence  of  helper-virus  contamination. 

Theoretical  risks:  There  are  a number  of  theoretical 
concerns  regarding  the  use  of  retroviral  producer  lines  for 
the  transduction  of  long-lived  marrow  precursor  cells. 

There  is  the  possibility  that  replication-competent  virus 
may  be  generated  via  recombination  events  within  the 
producer  cell  line,  or  within  the  target  cell.  The  risk  is 
exceedingly  low,  due  to  the  safety  modifications  made  in  the 
vector  as  noted  above,  the  extensive  testing  of  the  producer 
cell  line  for  helper-virus  production,  and  the  lack  of  known 
endogenous  human  retroviral  sequences  with  homology  to  the 
vector  that  would  allow  recombination  within  target  cells. 

A second  concern  is  insertional  mutagenesis.  Proviral  DNA 
could  insert  near  or  within  cellular  genes  and  either  turn 
off  or  turn  on  gene  expression,  or  lead  to  the  production  of 
an  aberrant  gene  product.  If  such  a gene  were  involved  in 
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cell  proliferation  or  maturation,  then  a step  towards 
malignant  transformation  could  occur.  However,  the  chance 
that  such  an  integration  event  will  occur  is  very  low  given 
the  size  of  the  genome  and  the  use  of  replication- 
incompetent  vectors. (For  review  see55)  Also,  it  is  likely 
that  the  malignant  transformation  of  most  primary  cells 
requires  multiple  steps.  One  transduced  cell  is  very 
unlikely  to  have  insertions  in  more  than  one  growth- 
regulatory  gene. 

Safety  data  from  animal  and  human  studies:  The  original  N2 
vector,  the  safety-modified  LNL6  vector  and  several  related 
marking  and  gene  therapy  vectors  have  been  used  extensively 
in  animal  studies  and  in  pioneering  human  clinical 
studies.10'55  None  of  the  over  1500  mice  transplanted  with 
bone  marrow  transduced  with  MoMLV-based  retroviral  vectors 
have  developed  toxicity  or  malignancies  attributable  to  the 
gene  transfer  protocol.  No  evidence  for  delayed  engraftment 
due  to  the  transduction  procedure  has  been  observed. 

Experience  in  primates  and  humans  is  less  extensive.  Four 
primates  given  IV  orIP  infusions  of  replication-competent 
helper  virus  and  immunosuppressed  with  cyclosporin  developed 
only  transient  viremia  and  were  without  adverse  effects  up, 
to  3 years  later.57  21  primates  (rhesus  and  cynomologous 
monkeys)  were  transplanted  with  marrow  transduced  with  N2 
and  SAX  (carrying  the  human  adenosine  deaminase  gene) 
retroviral  vectors.  46  None  showed  evidence  of  circulating 
helper  virus  or  development  of  neoplastic  disease.  Many  of 
these  early  animals  developed  complications  secondary  to  the 
total  body  irradiation  used  for  conditioning,  but  several  of 
the  animals  have  survived  and  been  followed  carefully  five 
years  post-transplant. 

More  recently,  three  of  seven  rhesus  monkeys  transplanted  by 
our  laboratory  with  CD34-enriched  bone  marrow  cells 
transduced  with  a very  high  titer  (>10lo/ml)  but  grossly 
helper  virus-contaminated  supernatant  developed  T cell 
leukemia/lymphoma  183-206  days  after  transplant.  Details  of 
the  genesis  of  the  helper-contaminated  producer  cell  line, 
the  gene  transfer  procedure,  and  the  molecular  evaluation  of 
these  animals  are  given  in  a draft  of  our  paper  reporting 
these  events,  and  a letter  to  the  FDA.  (Appendix  I)  We 
believe  the  evidence  suggests  that  these  malignancies  were  a 
result  of  the  large  amount  of  competent  amphotropic  helper 
virus  ( 10*-10*/ml ) the  target  cells  were  exposed  to  during 
transduction.  The  animals  were  chronically  viremic  and  the 
tumor  cells  contained  multiple  copies  of  the  helper  genome. 
This  syndrome  mimics  what  is  seen  in  rodents  exposed  to 
large  amounts  of  wild-type  retrovirus  when  they  are 
immunocompromised  (i.e.  newborn).  Insertional  mutagenesis 
of  growth  regulatory  genes  such  as  mvc  and  rir  is  believed 
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to  be  etiologic  in  these  rodent  models.  We  have  no  reason 
to  believe  that  the  malignancies  were  related  to  the 
recombinant  neomycin-resistance  vector,  since  the  tumor 
cells  did  not  contain  the  marker  gene.  These  events 
emphasize  the  critical  importance  of  using  retroviral 
supernatants  that  are  devoid  of  competent  helper  virus  in 
all  human  clinical  protocols.  ’ . 

Anderson  and  Rosenberg  at  NIH  have  used  LNL6  to  mark  tumor- 
infiltrating  lymphocytes  (TIL  cells)  in  patients  with 
metastatic  malignancies  and  have  then  followed  the  fate  of 
the  TIL  cells  in  vivo  after  reinfusion.  56  Marked  TIL  cells 
could  be  detected  in  the  patients  post-infusion,  and  the 
phenotype  of  marked  cells  was  unchanged  by  the  procedure. 

No  horizontal  transmission  of  LNL6  was  detected.  Protocols 
are  ongoing  at  St.  Jude's  Hospital  and  M.D.  Anderson  Cancer 
Center  using  retroviral  gene  transfer  to  mark  autologous 
marrow  grafts.  Gene  therapy  protocols  in  ADA-deficient  SCID, 
melanoma,  renal  cell  cancer,  and  hyperlipidemia  patients  are 
ongoing,  and  no  adverse  effects  resulting  from  gene  transfer 
have  yet  been  reported.  A small  number  of  patients  with 
severe  combined  immunodeficiency  have  received  infusions  of 
autologous  lymphocytes  transduced  with  an  adenosine 
deaminase  vector,  and  have  shown  some  evidence  for  improved 
immune  function  without  adverse  ef f ects  .XMichael  Blaese, 
personal  communication) 

Introduction  of  a Neo*  gene:  The  NeoR  gene  product,  neomycin 
phosphotransferase,  phosphorylates  the  3'  hydroxyl  group  of 
neomycin  and  its  analogues,  thus  inactivating  the 
antibiotic.  It  is  possible  that  amikacin  is  partially 
inavtivated  by  this  enzyme,  but  other  antibiotics  in 
clinical  usage,  including  gentamycina  and  tobramycin,  do  not 
contain  this  3'  hydroxyl  group  and  thus  are  not  inactivated 
by  the  Neo*  gene  product. 


. 0 PATIENT  ELIGIBILITY 

All  patients  eligible  for  the  original  multiple  myeloma  (92- 
H-57),  chronic  myelogenous  leukemia  (92-H-56),  and  breast 
cancer  autologous  transplantation  protocols  will  be  enrolled 
in  this  protocol  amendment  if  they  meet  the  criteria 
outlined  below.  (See  Section  4.0  of  each  of  the  protocols 
for  specific  criteria)  Patients  will  sign  an  additional 
informed  consent  for  the  genetic  marking  amendment. 
Additional  criteria  include: 

4 . 1 Adequacy  of  Peripheral  Blood  Stem  Cell  Collection: 

(Multiple  Myeloma  and  CML  protocols  only)  The  patient 
will  undergo  apheresis  as  described  in  the  original 
protocols  beginning  on  the  dav  that  total  ! o’^-ocyf  $ 
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count  reaches  1000/ul.  On  the  day  after  the  collection 
is  > 1 X 10®  nucleated  cells/kg  for  the  first  time,  the 
patient  will  be  eligible  for  genetic  marking  of  that 
day's  collection.  Aphereses  will  be  done  daily  until 
at  least  3 X 10®  total  nucleated  cells/kg  have  been 
collected.  Only  one  day's  collection  will  be 
genetically  marked.  If  no  collection  is  > 1 X 10®/kg/ 
then  the  patient  will  receive  daily  aphereses  without 
genetic  marking  until  3 X 10®  total  nucleated  cells/kg 
have  been  collected. 

4.2  Adequacy  of  Bone  Marrow  Harvest:  A minimum  of  1 X 10® 

nucleated  buffy  coat  cells/kg  (post-processing)  must  be 
harvested  in  order  for  genetic  marking  to  be  performed. 
If  less  than  this  number  is  obtained,  the  patient  will 
not  have  genetic  marking  of  the  marrow.  Whether  or  not 
the  patient  will  go  on  to  autologous  transplantation 
without  genetic  marking  will  then  be  determined  by 
engraftment  and  safety  criteria  in  the  original 
protocols.  An  additional  bone  marrow  harvest  may  be 
carried  out  at  the  discretion  of  the  investigator. 

4.3  Enrollment:  We  expect  to  enroll  approximately  40 
patients  in  the  genetic  marking  protocol  amendment  over 
three  years.  Approximately  12-16  would  be  entered  in 
each  of  the  three  clinical  protocols  (multiple  myeloma, 
chronic  myelogenous  leukemia,  and  breast  cancer).  A 
portion  of  the  multiple  myeloma  and  chronic  myelogenous 
leukemia  patients  will  be  treated  on  an  identical 
genetic  marking  ammendemnt  at  the  University  of 
Virginia  Medical  Center,  after  approval  by  their  IRB. 


5.0  Genetic  Marking  Treatment  Plan 

5.1  Peripheral  Blood  Stem  Cells:  (Multiple  Myeloma  and  CML 

Protocols  only)  If  criteria  are  met  as  described  in 
section  4.1,  the  peripheral  blood  stem  cells  collected 
on  day  2 will  be  transduced.  The  remaining  peripheral 
blood  stem  cells  collections  will  not  be  transduced  but 
will  be  immediately  processed  and  cryopreserved  as 
described  in  the  original  protocols.  This  approach  will 
result  in  at  least  70%  of  the  collected  PBSCs  being 
saved  without  transduction,  and  less  than  30%  being 
transduced. 

The  PBSCs  available  for  transduction  will  be  incubated 
with  the  anti-CD34  murine  monoclonal  antibody  12.8  and 
then  passed  over  the  CellPro  immunoadsorption  column 
(see  Appendix  B for  details  of  the  procedure).  The 
CD34+  enriched  cell  population  will  be  cultured  in 
vitro  for  72  hours  in  the  presence  of  either  the  LNL6 
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or  the  GIN. 40  vector-containing  supernatant, 
hematopoietic  growth  factors,  and  protamine.  (See 
Appendix  B for  details  of  transduction  procedure)  At 
the  end  of  the  72  hour  transduction  period,  the  cells 
will  be  collected  and  cryopreserved.  Aliquots  will  be 
removed  for  analysis  as  tabulated  in  Appendix  C. 

5.2  Bone  Marrow:  If  criteria  are  met  as  described  in 

section  4.2,  70%  of  the  processed  marrow  mononuclear 

cells  will  be  immediately  cryopreserved.  The  remaining 
30%  will  be  incubated  with  the  anti-CD34  murine 
monoclonal  antibody  12.8  and  then  passed  over  the 
CellPro  immunoadsorption  column  (see  Appendix  A for 
details  of  the  procedure).  The  CD34+  enriched  cell 
population  will  be  cultured  in  vitro  for  72  hours  in 
the  presence  of  either  the  LNL6  or  the  GIN. 40  vector- 
containing  supernatant,  hematopoietic  growth  factors, 
and  protamine.  (See  Appendix  B for  details  of  the 
transduction  procedure)  Breast  cancer  marrows  will  be 
transduced  with  the  GIN. 40  vector.  Multiple  myeloma 
and  CML  marrows  will  be  transduced  with  LNL6  vector  if 
GIN. 40  was  used  to  transduce  an  individual  patient's 
peripheral  blood  stem  cells,  or  GIN. 40  if  LNL6  was  used 
to  transduce  an  individual  patient's  peripheral  blood 
stem  cells.  At  the  end  of  the  72  hour  period,  the 
cells  will  be  collected  and  cryopreserved.  Aliquots 
will  be  reoved  for  analysis  as  tabulated  in  Appendix  C. 

5.3  Reinfusion:  After  high-dose  conditioning  therapy  as 
described  in  the  protocols,  each  patient's  transduced 
and  non-transduced  bone  marrow  and  peripheral  blood 
cell  fractions  will  be  thawed  at  37  degrees  and 
infused.  Monitoring  and  supportive  care  during  the 
infusions  will  be  as  described  in  the  original 
protocols .( Section  5.0  in  Multiple  Myeloma  and  CML 
protocols,  section  6.10  in  breast  cancer  protocol) 

5.4  Supportive  Care:  Post-transplantation  supportive  care 
and  monitoring  will  be  as  described  in  the  original 
protocols . 


6 . 0  ON-STUDY  EVALUATION 

6.1  CD34-enriched  and  transduced  bone  marrow  or  peripheral 
blood  cells  will  be  analyzed  for  sterility,  viability, 
CD3 4-expression,  CFU-C,  % transduction,  and  helper 
virus  as  tabulated  in  Appendix  C. 

6.1  On  study  evaluation  to  assess  hematopoietic  function 
and  disease  status  will  be  as  described  in  the  original 
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protocols.  (Section  9.0  Multiple  Myeloma  and  CML  protocols. 

Section  11.0  Breast  Cancer  protocol) 

6.3  20  cc  of  blood  will  be  drawn  weekly  before  engraftment, 

monthly  after  engraftment,  and  at  the  time  of  relapse 
as  described  in  the  original  protocols  for  FACS 
analysis,  clonagenic  assays  and  PCR  analysis  for  tumor- 
specific  markers.  Marrow  will  be  obtained  for  these 
purposes  every  one-two  weeks  prior  to  engraftment, 
every  one-three  months  after  engraftment,  and  at  the 
time  of  relapse,  also  as  described  in  the  protocols.  In 
patients  entered  onto  the  genetic  marking  amendment, - 
these  samples  will  also  be  analyzed  using  PCR  and/or 
Southern  blotting  for  the  transduced  Neo  gene  and  for 
wild-type  helper  virus. 

Bone  marrow  and  blood  samples  will  be  plated  in 
methylcellulose , and  individual  and  pooled 
hematopoietic  colonies  of  all  lineages  will  be  plucked 
and  analyzed  for  the  presence  of  the  transduced  Neo 
gene  via  PCR.  The  percentage  of  transduced  progenitors 
will  also  be  assessed  by  growth  of  Neo-resistant 
colonies  in  methylcellulose  culture.  Bone  marrow  and 
peripheral  blood  cells  will  also  be  sorted  via  FACS 
into  T-cell,  B-cell  and  specific  myeloid  populations, 
and  analyzed  via  PCR  for  the  transduced  gene  (or 
Southern  blotting  if  transduction  efficiency  has  been 
greater  than  10%  in  any  population  of  cells).  Insertion 
site  analysis  will  be  used  to  investigate  clonality  and 
lineage  relationships  if  Southern  blotting  is  carried 
out . 

6.4  CML  Patients:  RNA  and  DNA  from  individual  colonies  or 

FACS-sorted  cell  populations  in  CML  patients  will  be 
concurrently  analyzed  for  the  tumor-specific  bcr-abl 
rearrangement  and  the  Neo  gene  via  reverse 
transcription  and  PCR. 

6.5  Multiple  Myeloma  Patients:  DNA  from  peripheral  blood, 
bone  marrow,  and  cell  populations  sorted  by  FACS  for  B- 
cell  and  plasma  cell  antigens  will  be  analyzed  for 
tumor-specific  immunoglobulin  gene  rearrangements  via 
allele-specific  PCR  and  concurrently  for  the  transduced 
Neo  gene. 

6.6  Breast  Cancer  Patients:  As  described  in  section  11.13 

of  the  original  protocol,  biopsies  of  accessible  tumor 
(skin,  lymph  nodes,  pleural  effusions,  bone  marrow, 
liver  or  lung  lesions  amenable  to  CT-guided  FNA)  will 
be  done  at  the  time  of  relapse  and  DNA  obtained  for  PCR 
and  Southern  blot  analysis  of  the  Neo  gene.  As 
described  in  section  11.6  of  the  breast  cancer 


[20] 


Recombinant  DNA  Research,  Volume  16 


protocol,  relapsed  patients  receiving  vinblastine 
chemotherapy  and  G-CSF  will  have  peripheral  blood  and 
bone  marrow  collected  after  cycles  1 and  3 for  analysis 
as  described  above  to  study  the  effects  of  chemotherapy 
and  growth  factors  on  the  presence  of  Neo-marked  cells. 

6.7  An  additional  10  ml  of  blood  will  be  obtained  every 
three  months  for  the  first  year,  and  every  six  months 
thereafter  for  Western  blot  analysis  of  anti-retroviral 
antibodies . 

6.8  5 ml  of  serum  will  be  obtained  at  one  month  and  three 
months  post-transplantation  for  an  ELISA  assay  of  anti- 
murine immunoglobulins  and  anti-avidin  immunoglobulins. 

6.9  Upon  the  death  of  a patient,  an  autopsy  will  be 
requested  and  multiple  organ  sites  will  be  analysed  by 
PCR  for  the  presence  of  the  Neo  gene,  tumor-specific 
markers,  and  helper  virus  genome.  The  importance  of 
obtaining  an  autopsy- will  be  discussed  with  patient 
prior  to  entry  into  the  protocol. 


7.0  HAZARDS  AND  DISCOMFORTS 

We  would  classify  this  genetic  marking  amendment  as  offering 
no  direct  benefit  to  patients  enrolled  on  it,  but  posing 
little  risk  in  addition  to  that  already  inherent  to 
autologous  transplantation.  Information  obtained  from  this 
pilot  gene  transfer  study  could  benefit  future  patients  with 
breast  cancer,  CML  and  multiple  'myeloma  undergoing 
autologous  transplantation  or  tumor-directed  genetic 
therapy,  as  well  as  patients  with  a wide  variety  of 
hematologic  and  other  diseases  amenable  to  genetic  therapy. 
The  theoretical  risks  posed  by  insertion  of  marker  gene  into 
the  patient's  genome  were  discussed  in  Section  3.5.  None  of 
the  approximately  20  patients  that  have  thus  far  received 
retrovirally  transduced  bone  marrow,  peripheral  blood  or 
tumor  infiltrating  cells  have  had  any  adverse  events  noted 
that  could  be  attributed  to  the  gene  transfer  procedure. 

The  patients  will  not  experience  any  direct  or  immediate 
extra  discomforts  as  a result  of  being  enrolled  in  this 
protocol  amendment.  The  minimal  extra  blood  and  bone  marrow 
necessary  for  analysis  of  gene  transfer  will  be  obtained 
during  blood  draws  and  bone  marrow  aspirations  required  to 
monitor  engraftment  and  tumor  relapse  after  autologous 
transplantation . 


8.0  TOXICITY  MONITORING  AND  REPORTING 
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8.1  Toxicity  will  be  monitored  and  graded  according  to  the 
Common  Toxicity  Criteria  as  given  in  the  original 
protocol  documents. 

8.2  Serious  adverse  effects  occurring  in  any  patients 
receiving  genetically-marked  cells  will  be  reported 
immediately  in  writing  to  the  NHLBI  and  NCI  IRBs , ORDA, 
the  RAC , the  NIH  Office  for  Protection  from  Research 
Risks,  and  the  FDA.  Other  reporting  of  adverse  events 
related  to  chemotherapy  and  autologous  transplantation 
will  be  as  described  in  the  original  protocols. 

8.3  Progress  reports  will  be  made  to  the  RAC  and  to  the  IRB 
as  requested  at  yearly  intervals. 


9.0  CRITERIA  FOR  REMOVAL  FROM  AMENDMENT 

9.1  Criteria  for  removal  from  the  original  protocols  due  to 
disease  progression  are  given  in  section  14.0  of  the 
multiple  myeloma  and  CML  protocols,  and  section  6.13  of 
the  breast  cancer  protocols.  However,  any  patient  that 
received  transduced  bone  marrow  or  peripheral  blood 
stem  cells  on  this  protocol  amendment  will  be  followed 
indefinitely,  even  if  concurrently  receiving  other 
forms  of  therapy. 

9.2  Patient  withdrawal:  A patient  may  withdraw  from  the 
genetic  marking  amendment  after  bone  marrow  or 
peripheral  blood  harvest  and  transduction.  In  this 
circumstance,  the  patient  will  be  given  back  the  non- 
transduced  cells  alone  (70%).  Eligibility  criteria 
ensure  that  enough  non-transduced  cells  will  available 
to  ensure  adequate  hematopoietic  reconstitution. 


10.0  RESPONSE  ASSESSMENT  AND  IMPACT  OF  OUTCOME 

10.1  Response  criteria  to  the  clinical  autologous 
transplantation  protocols  are  given  in  sections  13.0  in 
the  multiple  myeloma  and  CML  protocols,  and  section 
15.0  of  the  breast  cancer  protocol. 

10.2  Feasibility  of  Stem  Cell  Gene  Transfer: A major 
objective  of  this  pilot  study  is  to  study  the 
feasibility  of  transducing  human  hematopoietic  stem 
cells  with  a retroviral  vector.  Any  evidence  of  long- 
term engraftment  with  marked  cells  will  be  of  value  in 
planning  future  therapeutic  trials  directed  at  these 
three  diseases  and  at  other  malignant  and  genetic 
disorders.  The  probability  of  transducing  a human  stem 
cell  is  unknown.  Primate  data  is  not  extensive  enough 
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to  intepret  quantitatively  or  statistically.  In  the 
murine  model  system,  it  is  possible  to  transduce  20%  of 
long-term  repopulating  cells  using  optimum 
conditions.10  It  is  estimated  that  there  is  one  stem 
cell  in  every  105  murine  mononuclear  bone  marrow 
cells. S8  If  this  ratio  of  total  bone  marrow  cells  to 
stem  cells  applies  to  humans,  than  we  will  be 
transducing  an  average  of  1-10  X 104  stem  cells  from 
each  patient.  Even  with  a transduction  efficiency  of 
1%  or  lower,  it  would  be  likely  that  we  would  be  able 
to  detect  stem  cell  transduction  in  each  patient  if  was 
actually  occurring  in  vitro  under  these  transduction- 
conditions  . 

Any  evidence  of  stem  cell  transfer  would  encourage  us 
to  optimize  conditions  for  marrow  or  peripheral  stem 
cell  collection,  transduction,  or  transplantation  to 
improve  the  percentage  of  transduced  stem  cells.  If 
there  is  no  evidence  of  gene  transfer  to  long-term 
reconstituting  cells  after  transducing  cells  from  6-10 
patients  under  the  proposed  conditions,  then  we  will 
propose  new  conditions  based  on  ongoing  primate  and  in 
vitro  studies.  It  is  likely  that  better  combinations  of 
hematopoeitic  growth  factors  able  to  cycle  stem  cells 
will  become  available.  We  would  also  consider 
transducing  CD34+  cells  on  either  an  autologous  or  an 
immortalized  stromal  layer.50 

10.3  Biology  of  reconstitution  following  autologous 
transplantation  of  bone  marrow  or  peripheral  blood  stem 
cells : As  is  true  in  all  genetic  marking  protocols  or 
gene  therapy  protocols,  very  little  can  be  learned  if 
marking  is  completely  unsuccessful,  and  no  transduced 
cells  can  be  identified  either  short  or  long  term  after 
transplantation  and  engrafment.  However,  the  detection 
of  any  marked  cells  long-term  will  increase  our 
knowledge  of  the  biology  of  autologous  reconstitution, 
as  discussed  in  detail  in  section  3.0. 

10.4  Source  of  relapse  follwoing  autologous  transplantation 
for  malignancy:  If  any  patients  relapse  with  marked 
tumor  cells,  then  analysis  would  be  informative  and 
relevant  to  designing  purging  regimens  for  autologous 
transplantation  in  these  three  diseases.  If 'analysis  of 
tumor  cell  population  DNA  shows  both  marked  and 
unmarked  cells,  and  insertion  site  analysis  via 
Southern  blotting  shows  a polyclonal  pattern,  it  would 
imply  that  transduced  CD3 4— enriched  bone  marrow  and/or 
peripheral  blood  contains  many  cells  capable  of 
contributing  to  relapse,  and  that  relapse  is  often 
polyclonal.  If  only  rare  patients  relapse  with  marked 
tumor  cells,  it  would  be  less  informative,  but  would 
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still  imply  that  the  graft  is  capable  of  contributing 
to  relapse.  If  no  patients  relapse  with  marked  tumor 
cells,  unfortunately  it  will  not  be  possible  to 
distinguish  poor  transduction  efficiency  of  tumor  cells 
contaminating  grafts  from  the  absence  of  tumor  cells  in 
the  graft. 

Estimating  the  probability  of  detecting  a marked 
relapse  is  very  difficult,  especially  because  we  are 
transducing  a CD34-enriched  population.  Breast  cancer 
cells  and  myeloraatous  plasma  cell  do  not  express  CD34 
22  but  conceivably  earlier  tumor  "stem  cells"  that  we  * 
are  not  yet  able  to  identify  do.  Thus  it  is  not  known 
if  the  CD34-enrichment  procedure  will  act  as  a "purge" 
of  tumor  cells  or  not. 

Both  normal  and  bcr/abl+  CFLJ-C  and  long-term  bone 
marrow  culture  initiating  cells  from  CML  patients 
express  CD3  4 23'24,  thus  the  CD34-enrichment  procedure 
would  be  expected  to • enrich  both  normal  and  leukemic 
cells  equally.  The  likelihood  of  detecting  a marked 
relapse  depends  on  a number  of  variables,  including 
transduction  efficiency,  yield  after  CD34  enrichment, 
number  of  cells  transduced,  and  number  of  cells 
contributing  to  a relapse.  If  we  transduce  30 % of  the 
marrow  cells,  assume  a 50%  yield  of  leukemic  stem  cells 
after  CD34  enrichment,  have  a transduction  efficiency 
of  1%  into  leukemic  cells,  and  100  cells  contribute  to 
a relapse,  then  we  would  detect  a polyclonal  marked 
relapse  in  12  patients  with  a 95%  probability.  More 
cells  contributing  to  a relapse  would  increase  the 
likelihood  of  detecting  a marked  relapse.  But  there  is 
little  data  to  support  any  of  these  assumptions,  thus 
this  type  of  likelihood  analysis  may  not  be  predictive. 
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PRECIS  OF  PROTOCOL 


Multiple  myeloma  is  a neoplastic  process  characterized  by  an' 
accumulation  within  the  bone  marrow  of  mature  plasma  cells 
secreting  a monoclonal  paraprotein,  often  complicated  by  lytic 
bone  lesions  and  osteoporosis,  hematopoietic  suppression, 
hypercalcemia,  proteinuria  and  renal  failure.  The  molecular 
pathogenesis  of  myeloma  has  not  been  fully  defined  although 
autocrine  or  paracrine  stimulation  of  malignant  cell  growth  by 
interleukin  6 may  be  an  important  element.  Despite  initial 
responsiveness  in  most  patients  to  standard  melphalan  and 
prednisone  chemotherapy,  no  standard  therapy  is  curative  and 
median  survival  after  diagnosis  remains  30-36  months.  All 
patients  eventually  become  refractory  even  to  multi-drug, 
aggressive  chemotherapeutic  regimens.  Several  small  series  have 
been  reported  in  which  myeloablative  chemotherapy  with  or  without 
total  body  irradiation  followed  by  allogeneic  or  autologous 
transplantation  resulted  in  long-term  complete  remission  and 
possible  cure  in  a subset  of  patients.2,3  We  propose  a Phase  II 
trial  of  chemotherapy-responsive  myeloma  patients,  combining 
high-dose  melphalan  and  total  body  irradiation  ablative 
conditioning  followed  by  rescue  using  autologous  bone  marrow  and 
mobilized  peripheral  blood  stem  cells,  followed  by  interferon 
maintenance  therapy  after  recovery  of  bone  marrow  function.  The 
frequency  and  duration  of  complete  and  partial  response  will  b'e 
compared  to  previously  published  results.  The  initial  patients 
will  have  small  aliquots  of  harvested  bone  marrow  and  peripheral 
blood  cells  utilized  for  in  vitro  studies  to  assess  frequency  and 
characteristics  of  clonal  myeloma  cells  and  the  infectivity  of 
purified  stem,  progenitor  and  tumor  cells  with  retroviral 
vectors.  In  subsequent  patients  we  will  propose,  in  an  amendment 
to  this  protocol,  the  use  of  retroviral-mediated  gene  transfer  to 
genetically  mark  peripheral  blood  and  bone  marrow  populations  in 
an  effort  to  understand  the  relative  contribution  of  each  to 
hematopoietic  reconstitution  and  to  relapse  of  the  malignant 
process..  We  anticipate  that  these  initial  studies  will  form  the 
basis  for  future  genetic  therapy  of  multiple  myeloma,  perhaps  via 
production  of  gene  products  by  normal  bone  marrow  cells  that 
could  interrupt  interleukin-6  autocrine/paracrine  loops. 
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1.0  OBJECTIVES 


1.1  To  investigate  the  safety  and  efficacy  of  treating 
chemotherapy-responsive  multiple  myeloma  patients  with 
high-dose  melphalan  and  total  body  irradiation  rescued 
by  autologous  bone  marrow  and  peripheral  blood  stem 
cell  transplantation,  followed  by  maintenance 
interferon . 

1.2  To  investigate  in  vitro  the  feasibility,  safety  and 
efficacy  of  possible  genetic  therapy  approaches  to  the 
treatment  of  multiple  myeloma  using  retroviral  vectors, 
in  hopes  of  applying  these  approaches  in  vivo  in  future 
autologous  transplantation  protocols. 


2.0  RATIONAL  FOR  CURRENT  PROTOCOL  AND  SCIENTIFIC  JUSTIFICATION 

The  prognosis  of  lymphoid  malignancies  has  greatly  improved 
over  the  past  two  decades  due  to  aggressive  combination 
chemotherapy  regimens.  Multiple  myeloma  remains  one  of  the 
few  lymphoid  malignancies  in  which  little  progress  has  been 
made  with  standard  chemotherapy  protocols.  Despite  trials 
of  various  chemotherapeutic  regimens,  the  disease  remains 
nearly  uniformly  fatal  with  a median  survival  from  diagnosis 
of  30-35  months.  Our  long-term  goal  is  to  develop  new 
therapeutic  approaches,  based  on  an  understanding  of  the 
molecular  and  cellular  pathogenesis  of  this  disease,  that 
utilize  gene  therapy  strategies  to  control  and  perhaps 
eradicate  the  disease  process. 

2.1  BIOLOGY  OF  MULTIPLE  MYELOMA  Multiple  myeloma  is 
characterized  by  accumulation  of  clonal,  mature  plasma  cells 
in  the  bone  marrow  and  other  tissues.  The  clinical 
manifestations  of  the  disease  are  legion,  and  may  include 
lytic  bone _ lesions,  severe  osteoporosis,  bone  marrow 
failure,  hypercalcemia,  proteinuria,  renal  failure,  and 

.hyperviscoscity . In  contrast  to  most  other  neoplastic 
processes,  assessment,  of  tumor  burden  and  disease  activity 
in  myeloma  has  been  relatively  easy  due  to  secretion  by 
tumor  cells  of  a measurable  monoclonal  immunoglobulin 
paraprotein.4  More  recently,  molecular  techniques 
identifying  individual  tumor-specific  immunoglobulin  gene 
rearrangements  have  allowed  more  precise  identification  and 
localization  of  tumor  cells  and  assessment  of  minimal 
residual  disease  in  patients  treated  with  aggressive 
therapy.5'6 

The  underlying  etiology  of  multiple  myeloma  is  unknown. 
Although  mature  clonal  plasma  cells  found  in  the  marrow 
comprise  the  bulk  of  the  tumor  mass,  these  cells  have  a low 
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labelling  index  and  remain  quiescent  except  in  end-stage 
myeloma.  Instead,  the  primary  malignant  event  is 
hypothesized  to  occur  in  an  earlier  pro-B  or  pre-B  cell, 
possibly  in  a lymph  node  or  extra-nodal  lymphatic  tissue.8 
Progeny  of  this  myeloma  "stem  cell",  identifiable  only  by 
clonal  immunoglobulin  gene  rearrangement,  may  then  migrate 
via  the  circulation  to  the  bone  marrow,  where  release  from 
normal  regulatory  constraints  could  occur.3,9  Murine 
plasmacytomas  have  been  shown  to  have  consistent  cytogenetic 
abnormalities  involving  dysregulation  of  the  c-myc  oncogene8 
but  human  myelomas  have  not  yet  been  found  to  exhibit 
uniform  cytogenetic  abnormalities  or  mutations  activating 
oncogenes.  ‘° 

Over  the  past  several  years,  interest  has  been  focused  on 
interleukin-6  as  a growth  factor  for  myeloma  cells.1  In 
several  murine  model  systems  dysregulated  IL-6  production 
can  lead  to  abnormal  plasma  cell  proliferations  resembling 
human  myeloma  or  other  plasmacytic  tumors  such  as  the  giant 
lymph  nodes  described  in  Castleman's  Disease.11,12  Murine 
plasmacytoma  cell  lines  deprived  of  IL-6  undergo 
apoptosis . (R.Norden,  personal  communication)  In  human 
myeloma  cell  lines  and  fresh  myelomatous  marrow  samples, 
initial  observations  suggested  that  IL-6  was  an  autocrine 
stimulatory  factor  produced  by  myeloma  tumor  cells 
themselves  13 , but  more  recent  data  instead  supports  the  - 
concept  that  in  early  disease,  accessory  cell  or  marrow 
stromal  overproduction  of  IL-6  is  more  important.1,9,14  High 
circulating  levels  of  IL-6  have  been  associated  with  poor- 
prognosis  myeloma. 15,16  A recent  case  report  from  France 
described  treatment  of  a patient  with  plasma  cell  leukemia 
with  anti-interleukin-6  antibodies,  with  some  response.17 

The  co-existence  of  myeloma  cells  with  normal  bone  marrow 
precursors  in  a stromal  environment  where  excess 
interleukin-6  production  or  other  dysregulated 
microenvironmental,  ^influences  can  act  suggests  to  us  that 
hematopoietic  stem  cell-targeted  gene  therapy  might  in  the 
future  be  a possible  therapeutic  approach  to  multiple 
myeloma.  Paracrine  or  autocrine  loops  could  be  interrupted 
by  high  concentrations  of  inhibitors  delivered  directly  to 
the  marrow  microenvironment.  Possible  therapeutic  agents 
that  could  be  delivered  in  this  manner  include  alpha- 
interferon,  soluble  IL-6  receptor,  -soluble  gpl30  (the  non- 
ligand-binding component  of  the  high-affinity  IL-6  receptor) 
or  ah  IL-6  receptor  antagonist. 
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2.2 


GENERAL  PROTOCOL  OUTLINE: 


3-12  months 

1.  Standard  induction  or  salvage  chemotherapy. 
Patient  must  demonstrate  a response  defined  as  a 
50%  reduction  in  serum  paraprotein  or  a 90% 
reduction  in  urine  paraprotein. 

> 1 month 

2.  Marrow  recovery  period  from  prior  chemotherapy 
or  interferon. 

2-3  weeks 

3.  Peripheral  blood  stem  cell  mobilization  and 
harvest. 

Day  1:  Cyclophosphamide  X 1 

Day  2 until  harvest  complete:  G-CSF 

Day  when  WBC  reaches  1,000/ul:  Begin  daily 

apheresis  harvesting  of-  mononuclear  cells, 

continue  until  3 X 108  cells/kg  obtained. 

> 2 weeks 

4.  Recovery  from  peripheral  stem  cell  mobilization 

10  days 

5.  Marrow  priming  and  harvest: 

Day  1-3:  5-f luorouracil 

Day  10:  Bone  marrow  harvest  of  at  least  0.5  X 
108  cells/kg 

> 2 days 

6.  Recovery  from  bone  marrow  harvest 

4 days 

7.  Marrow  ablation  and  transplant: 

Day  -4  to  Day  0:  High-dose  melphalan  +/- 

total  body  irradiation 

Day  0:  Marrow  and  peripheral  blood  stem  cell 
reinfusion 

3-6  weeks 

7 . Administer  G-CSF  and  aggressive  supportive 

care  until  marrow  recovery. 

Marrow 

Recovery 

8.  Begin  interferon  maintenance 

9.  Monitor  bone  marrow  function  and  disease  status 
until  relapse  or  indefinitely  if  the  patient 
remains  in  remission. 

2.3  THERAPEUTIC  JUSTIFICATION  FOR  THIS  TREATMENT  PLAN:  As  we 

will  discuss  in  much  more  detail. -in  section  3.0,  high-dose 
therapy  with  autologous  or  allogeneic  bone  marrow  rescue  has 
been  shown  in  several  small  preliminary  studies  to  have  a 
unique  ability  to  produce  complete  disappearance  of  the 
• abnormal  myeloma  paraprotein  in  a majority  of  patients.2,3 
This  is  indicative  of  a much  lower  residual  tumor  mass  post- 
transplantation than  after  standard  chemotherapy,  which 
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conceivably  could  be  held  in  check  by  the  patient's  own 
anti-tumor  defenses,  or  by  biomodulators  such  as  interferon. 
The  data  to  date  strongly  support  further  application  of 
this  approach  in  myeloma  patients. 

Our  protocol  is  a phase  II  trial  in  24  chemotherapy- 
responsive  patients  with  multiple  myeloma.  Transplantation 
of  patients  with  chemotherapy-responsive  disease  at  a point 
in  time  when  their  tumor  mass  is  as  low  as  possible  should 
increase  the  chance  of  successful  eradication  of  tumor. 
Aggressive  treatment  such  as  we  suggest  in  this  protocol 
should  be  used  in  patients  most  likely  to  benefit  from  it 
with  long-term  remission  or  cure,  and  other  studies  in 
patients  with  myeloma  and  lymphoma  have  suggested  that 
patients  with  advanced  chemotherapy-refractory  disease  are 
unlikely  to  benefit  from  high-dose  therapy  with  autologous 
stem  cell  rescue.18,19 

We  propose  to  harvest  both  mobilized  peripheral  blood  "stem 
cells"  and  5-f luorouracil-primed  bone  marrow  to  use  for 
autologous  transplantation.  Chemotherapy  and  growth-factor 
mobilized  peripheral  blood  "stem"  cells  have  been  shown  to 
"rescue"  patients  successfully  after  high-dose  chemo- 
radiotherapy , and  when  given  in  combination  with  standard 
autologous  marrow,  speed  recovery  and  thus  decrease  the 
morbidity  and  mortality  of  the  transplantation  procedure.-20,21 
(G.  Morstyn,  personal  communication)  As  discussed  in  more 
detail  in  section  3.0,  this  approach  has  already  been  found 
feasible  in  a small  number  of  myeloma  patients.  We  plan  to 
obtain  cyclophosphamide  and  G-CSF-mobilized  peripheral  blood 
stem  cells  via  apheresis.  In  animal  transplantation  models, 
5-f luorouracil  (5-FU)  has  been  shown  to  stimulate  cycling  of 
early  bone  marrow  hematopoietic  progenitors,  and  use  of 
marrow  obtained  from  donor  animals  given  5FU  pre-harvest  has 
hastened  hematopoietic  reconstitution  in  ablated  recipient 
animals.22  A preliminary  human  Phase  I-II  trial  done  by  our 
collaborators  at  the  University  of  Virginia  suggests  that 
patients  receiving  5-FU  prior  to  marrow  harvest  recovered 
platelets  more  rapidly  after  autologous  transplantation  than 
historical  controls . .(F^  Marc  Stewart,  personal 
communication) 

Patients  will  receive  high-dose  melphalan  (140mg/m2)  and 
1200  cGy  total  body  irradiation,  marrow-ablative  agents 
found  to  be  very  active  against  myeloma  tumor  cells.  Marrow 
and  peripheral  blood  stem  cells  will  be  reinfused,  and  G-CSF 
will  be  given  in  an  attempt  to  shorten  the  period  of 
profound  neutropenia.  The  transplantation  of  a combination 
~ of~  both- bonfe*  marrow*  artd~p6ripheral' blood  cells  as  well  as 
priming  of  the  bone  marrow  with  5-f luorouracil  should 
provide  very  rapid  hematopoietic  reconstitution,  thus 
decreasing  transplant-related  toxicity.  Alpha-interferon 
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therapy  will  be  initiated  after  marrow  recovery  in  an 
attempt  to  suppress  any  residual  tumor.  Interferon  has 
already  been  shown  to  prolong  responses  in  myeloma  patients 
treated  with  standard  chemotherapy,  and  a preliminary  study 
suggests  that  interferon  administration  post-transplantation 
is  feasible.23,24 

Based  on  prior  studies  we  would  predict  a 30-50%  complete 
response  rate  to  this  treatment  regimen,  and  would  hope  that 
post-transpl.ant  interferon  could  prolong  these  remissions. 
The  estimated  treatment-related  mortality  from  this  type  of 
transplantation  regimen  is  5-10%,  but  no  less  aggressive 
approach  has  been  shown  to  significantly  prolong  survival  or 
offer  the  possibility  of  cure. 

2.4  LABORATORY  INVESTIGATIONS:  We  plan  to  carry  out  a number  of 
studies  utilizing  molecular,  in  .vitro  culture  and  cell 
sorting  techniques  on  small  aliquots  of  patient  bone  marrow 
and  peripheral  blood  stem  cell  harvests  obtained  pre- 
transplant, and  on  diagnostic  samples  obtained  post- 
transplant and  at  the  time  of  relapse.  The  studies  will 
focus  on  two  major  issues  1)  what  are  the  molecular  and  cell 
surface  antigen  characteristics  of  clonogenic  myeloma  "stem 
cells"  found  in  the  bone  marrow  and  the  peripheral  blood? 
and  2)  which  in  vitro  variables,  such  as  hematopoietic 
growth  factors,  optimize  gene  transfer  to  normal  marrow  or 
peripheral  blood  progenitors  or  to  myeloma  tumor  cells? 
Results  could  have  an  impact  on  possible  purging  techniques 
now  in  development,  such  as  positive  selection  for  CD34 
positive  early  progenitor  cells,  or  negative  selection 
against  HLA-DR  expressing  cells,  and  on  future  gene  therapy 
protocol  development. 

2.5  FUTURE  PLANS:  After  analysis  of  the  in  vitro  studies 
outlined  above,  we  plan  to  incorporate  a gene  marking 
procedure  into  this  protocol.  Specifics  of  the  gene  marking 
protocol  will  be  submitted  to  the  IRB  and  to  the  Recombinant 
DNA  Advisory  Committee  as  a . protocol  amendment  at  a later 
date. 

We  would  plan  to  enrich  a portion  of  both  the  harvested  bone 
marrow  and  peripheral  blood  stem  cells  for  early  progenitor 
and  stem  cells  via  CD34  positive  selection,  and  expose  the 
cells  to  supernatant  containing  a replication  incompetent 
retroviral  vector  which  carries  the  bland  marker  gene  for 
neomycin  resistance.  Exposure  to  viral  supernatant  will  be 
carried  out  under  conditions  previously  shown  by  many 
laboratories,  including  our  own,  to  be  necessary  for 
efficient  retroviral  transduction,  including  a prolonged 
incubation  of  target  cells  with  viral  supernantant , co- 
culture1  with  autologous  or  allogeneic  marrow  stroma,  and  use 
of  hematopoietic  growth  factors  to  preserve  viability  and 
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increase  the  efficiency  of  transduction.  Two  different 
marking  vectors  will  be  used  to  mark  the  bone  marrow  and 
peripheral  blood  target  cells  respectively.  These  two 
vectors  will  be  distinguishable  by  PCR  analysis , and  will 
allow  identification  of  cells  originating  from  the  marrow 
versus  the  peripheral  blood  graft  post-transplant.  The 
transduced  marrow  and  peripheral  blood  populations  will 
given  back  to  the  patient  along  with  non-transduced  marrow 
and  peripheral  blood.  The  kinetics  and  biology  of 
autologous  reconstitution  can  be  studied  if  successful 
marking  of  progenitors  or  stem  cells  is  obtained,  and  if 
patients  relapse  post-transplant,  the  presence  of  marked 
tumor  cells  will  indicate  origin  of  the  relapse  from  the 
autografted  marrow  or  peripheral  blood.  This  type  of 
information  could  help  guide  future  approaches  to 
autotransplantation,  especially  as  regards  the  need  for 
purging  autografts  of  residual  tumor  cells. 


3 . 0 BACKGROUND 

3.1  MULTIPLE  MYELOMA:  THERAPY: 

Despite  the  rapid  progress  made  in  the  treatment  of  other 
hematologic  malignancies  over  the  past  three  decades,  the- 
uniformly  dismal  prognosis  of  multiple  myeloma  has  not 
changed  since  the  introduction  of  melphalan  and  prednisone 
over  twenty-five  years  ago.19,25  The  median  survival  ranges 
from  30-35  months.  Survival  curves  for  responders  to 
chemotherapy  never  parallel  those  of  age-matched  controls, 
indicating  that  patients  are  not  cured  of  their  disease  with 
currently  available  standard  therapy. 

STANDARD  CHEMOTHERAPY:  Investigators  have  attempted  to 

intensify  the  initial  treatment  of  multiple  myeloma  using 
multi-drug,  non-cross-resistant  regimens  analogous  to  those 
that  have  been  so  successful  in  producing  complete  remission 
or  cure  in  patients  with  other  lymphoid  malignancies. 

Various  combinations  of  vincristine,  adriamycin,  melphalan, 
cyclophosphamide,  carmustine  (BCNU) , prednisone  and  other 
agents  have  been  studied,  and  none  show  any  clear  advantage 
..over. .standard  melphalan  and  prednisone  in  response  as 
measured  by  decrease  in  plasma  or  urine  monoclonal 
paraprotein  or  in  survival.26,27  Reasons  for  this  resistance 
to  chemotherapy  are  unclear,  but  may  result  from  the  low 
fraction  of  plasma  cells  or  more  immature  myeloma  "stem 
cells"  in  cell  cycle  and  thus  sensitive  to  standard 
chemotherapy,  or  the  propensity  for  myeloma  cells  to  rapidly 
acquire  or . intrinsically  possess  high  levels  of  the 
multidrug,  transporter  (p-glycoprotein)  . 7,28,29 
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Over  the  past  seven  years  there  has  been  progress  in 
treating  relapsing  or  refractory  disease.  Both  high-dose 
dexamethasone  alone,  and  high  dose  dexamethasone  in 
combination  with  4 day  continuous  infusions  of  vincristine 
and  adriamycin  (VAD)  have  been  shown  to  produce  clinical 
improvement  and  a decrease  in  paraprotein  level  in  40-75%  of 
these  patients.30,31 

INTERFERON  THERAPY:  Alpha  interferon  has  been  studied  in 

several  clinical  situations  in  myeloma.  It's  utility  in 
induction  regimens  is  not  yet  clear,  but  active  studies  are 
ongoing.32'34  Mandelli  and  coworkers  have  reported  that 
administration  of  alpha-interferon  to  patients  who  had 
already  responded  to  standard  induction  chemotherapy 
prolonged  response  duration  and  survival.23  Relapse 
occurred  in  25  of  50  patients  in  the  group  given  interferon 
maintenance  therapy,  and  in  41  of  51  control  patients. . 
Median  duration  of  response  was  26  months  in  the  interferon 
group  and  14  months  in  the  control  group,  and  median 
survival  was  also  longer  in  the  interferon-treated  group  (52 
months  versus  39  months) . The  mechanism  of  interferon 
activity  in  myeloma  is  unknown,  but  this  agent  seems  to  be 
uniquely  active  in  controlling  low  tumor-burden  "plateau 
phase"  disease,  possibly  due  to  immune  modulation  or 
inhibition  of  cell  cycle  entry  by  quiescent  myeloma  "stem 
cells".  35,36 

ALLOGENEIC  BONE  MARROW  TRANSPLANTATION:  Over  the  past  5 

years  interest  in  using  marrow-ablative  regimens  in  multiple 
myeloma  has  become  more  intense  due  to  early  encouraging 
results  with  both  allogeneic  and  autologous  bone  marrow 
transplantation.  The  high  risk  of  fatal  graft-versus-host 
disease  in  older  patients  and  lack  of  donors  has  precluded 
allogeneic  bone  marrow  transplantation  in  all  but  a small 
subset,  and  no  large  series  of  patients  have  been 
transplanted  with  a standardized  regimen.  However,  several 
centers  have  transplanted,  small  numbers  of  highly  selected 
patients,,  and  reported  that-  up  to  5Q%  had  sustained  complete 
responses  t(i.e.  no  detectable  paraprotein)  or  stable  minimal 
disease  post  aiiogeneic  transplant.37'39  A total  of  90 
patients  transplanted  with,  various  conditioning  regimens 
from  fully  matched  sibling  donors  at  a number  of  European 
centers  were  recently  analyzed.3  The  median  age  of 
transplanted  patients  was  42.  38%  died  of  transplant-related 
causes,  43%  achieved  a complete  remission,  and  the  actuarial 
survival  at  76  months  was  40%.  There  was  a higher  relapse 
rate  in  a small  series  of  patients  receiving  syngeneic 
transplants,  suggesting  that  graft-versus-myeloma  effects 
might  be  important.40 

AUTOLOGOUS  TRANSPLANTATION:  Because  so  few  patients  with 

multiple  myeloma  are  eligible  for  allogeneic  bone  marrow 
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transplantation,  a larger  number  of  protocols  have  explored 
autologous  bone  marrow  or  peripheral  blood  stem  cell 
transplantation  to  facilitate  the  administration  of  very 
high-dose  chemotherapy.  Chemotherapy  drugs,  especially 
alkylating  agents,  have  a steep  dose-response  tumor-killing 
curve  in  lymphoid  malignancies,  and  various  analyses  have 
suggested  that  more  dose-intensive  regimens  can  increase  the 
likelihood  of  disease-free  survival,  at  least  in  lymphoma. 

18  The  use  of  autologous  bone  marrow  rescue  may  increase 
tolerated  doses  several  fold.  During  the  early  1980 's 
several  investigators  reported  high  response  rates  to  single 
agent  melphalan  alone  at  doses  of  80-140  mg/m2  even  in 
patients  refractory  to  all  other  therapy.41,  . However,  the 
high  morbidity  and  mortality  resulting  from  prolonged 
neutropenia  with  this  regimen  was  prohibitive.  Thus 
autologous  bone  marrow  rescue  was  added  in  an  attempt  to 
reduce  toxicity  and  allow  higher  chemotherapy  doses. 

Barlogie  and  coworkers  initially  gave  refractory  multiple 
myeloma  patients  high-dose  melphalan  alone  as  conditioning. 
The  response  rate  (defined  as  a > 75%  reduction  in  M 
component)  in  27  patients  was  about  50%,  but  the  median 
duration  of  response  was  < 6 months.21 

The  same  group  next  added  total  body  irradiation  (TBI)  to 
their  conditioning  regimen  and  increased  the  response  rate 
to  86%  in  the  initial  7 patients,  with  median  duration  of- 
response  increased  to  > 15  months.43  More  recently  their 
experience  has  been  updated  to  include  21  patients 
refractory  to  MP  and  VAD.44  All  21  showed  > 75%  decrease  in 
M-component,  but  5 patients  with  resistant  relapse  had  early 
deaths  (<  2 months  post-transplant) . 

Based  on  these  results  in  refractory  patients  and  their  own 
prior  experience  with  high-dose  melphalan  without  bone 
marrow  rescue,  a British  group  entered  50  patients  at 
initial  presentation  into  a sequential  protocol.2  Patients 
first  patients  received  cycles  of  VAMP  until  a plateau  in  M- 
component  was  reached,  then  were  harvested  and  given  high- 
dose  melphalan  therapy  (200. mg/m2)  without  TBI,  followed  by 
reinfpsion  of  marrow.  6/50  patients  died  during  the  VAMP 
phase,  but  25  (or  50%  of- the  original  patients)  went  into  a 
complete  remission,  defined  as  complete  absence  of  any  M- 
component,  and  < 5%  bone  marrow  plasma  cells.  During  a 
'median  follow-up  of  14  months,-  5/25  CR  patients  have 
relapsed.  This  CR  rate  of  50%  is  unprecedented,  and 
although  follow-up  is  still  brief,  these  results  have 
generate'  more  interest  in  this  type  of  approach.  The  vast 
majority  of  myeloma  patients  undergoing  autologous 
transplant  have  been  conditioned  with  melphalan  alone  or 
melphalan  plus  TBI.  No  other  regimen  has  been  fully 
studied,  but  as  a single  high-dose  agent  melphalan  is  more 
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active  than  cyclophosphamide  or  other  marrow  ablative 
regimens.  45 

Most  recently,  one  group  has  reported  using  interferon 
maintenance  after  autologous  transplantation.  Preliminary 
data  has  suggested  that  initial  VMCP  or  VAD,  followed  by 
high-dose  melphalan  and  TBI  with  autologous  bone  marrow 
rescue,  and  then  maintenance  interferon  is  a feasible 
approach.24  53%  of  the  initial  19  patients  went  into  CR, 
with  follow-up  still  too  short  to  assess  impact  on  survival 
or  stability  of  remissions. 

3.2  5-FU  MODULATION  OF  HUMAN  BONE  MARROW: 

Theoretically,  shortening  the  time  after  transplantation 
required  for  marrow  recovery  would  improve  survival  and 
lessen  morbidity.  Techniques  to  shorten  recovery  in  humans 
have  included  the  use  of  recombinant  human  hemopoietic 
growth  factors  following  transplantation  of  stem  cells  46'51 
or  the  use  of  chemotherapy-mobilized  peripheral  blood  stem 
cells  with  or  without  growth  factors,  21'52'56  A number  of 
other  approaches  in  different  animal  systems  leads  to 
enhanced  marrow  recovery  after  either  radiation  or 
chemotherapy.  These  manipulations  have  included  exposure  to 
low  dose  irradiation,  chemotherapy,  or  endotoxins  prior  to 
marrow  harvest  22,57'61 . Bradley  and  coworkers  have  shown  an- 
increased  ability  of  marrow  from  animals  "primed"  with 
5-f luorouracil  to  recover  when  marrow  was  transplanted  into 
otherwise  lethally  irradiated  animals.22 

In  1979  Bradley  and  Hodgson  described  the  high  proliferative 
potential  colony  forming  cell  (HPP-CFC) , characterized  by 
the  formation  of  large  colonies  of  macrophages  (diameter  > 

. 5 mm)  in  nutrient  agar  cultures  of  normal  mouse  bone  marrow 
and  bone  marrow  from  mice  pre-treated  with  5-f luorouracil 
(5-FU)  .22  Marrow  exposed  in  vivo  to  5-FU  has  the  capacity 
to  rapidly,  repopulate  lethally  irradiated  animals  over  a 
period  of  4 to  10  days.  The  HPP-CFC  seems  to  correlate  with 
marrow  renewal  potential.  Colonies  formed  from  these  cells 
contain  an  average  of  5x  104  cells  which  is  10  to  100  times 
the  size  of  other  colonies  such  as  CFU-C.  Multifactor 
combinations  such  as  GM-CSF  and  IL-3  in  agar  cultures  lead 
to  the  formation  of  HPP-CFC.62 

In  marrow  obtained  from  patients  following  treatment  with 
5-FU  in  vivo,  McNiece  and  co-workers  have  described  what 
appears  to  be  the  human  equivalent  of  the  murine  HPP-CFC  63 . 
These  cells  occur  at  very  low  frequency  in  normal  marrow  or 
pre-FU  marrow  (approximately  1-1.5  per  100,000  cells  plated) 
and  appear  to  be  generated  by  a synergistically  interacting 
. combination  of  growth  factors. 
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5-FU  modulation  of  human  marrow  has  been  evaluated  recently 
as  an  alternative  source  of  hemopoietic  reconstitution 
following  autologous  marrow  transplantation.  (F.  Marc 
Stewart,  personal  communication)  Twenty-one  patients  were 
treated  with  5-FU  ( 15mg/kg-45mg/kg)  IV  for  1-3  days 
administered  6-22  days  prior  to  bone  marrow  harvest. 

Toxicity  of  the  5-FU  was  minimal.  Cerebellar  toxicity  was 
observed  in  several  patients  receiving  more  than  15  mg/kg 
per  day.  Numbers  of  CFU-C's  and  HPP-CFC's  were  increased  in 
marrow  in  patients  pre-treated  in  vivo  with  5-FU.  Although 
no  definite  correlation  between  dose  or  timing  of  5-FU 
administration  could  be  made  with  respect  to  CFC  generation, 
peak  CFU-C's  and  HPP-CFC's  tended  to  occur  in  patients 
treated  with  5-FU  14-18  days  and  10  days  prior  to  marrow 
harvest  respectively. 

Post-FU  marrow  was  infused  into  15  patients  following  high 
dose  cyclophosphamide,  BCNU,  and  etoposide  (CBV) . 17 
(historical  controls)  were  treated  with  CBV  and  autologous 
marrow  transplantation  but  did  not  receive  5-FU  prior  to 
marrow  harvest.  The  groups  were  comparable  for  diagnosis  and 
prior  therapy.  In  the  5-FU-treated  group  vs.  control,  median 
recovery  times  for  platelet  count  to  50,000/mm3  were  20  days 
and  30  days  respectively  (p=0.01)  and  for  platelet  count  to 
100,000/mm3  were  23  days  and  30  days  respectively  (p=0.007). 
Neutrophil  recovery  was  not  significantly  changed.  Thus,  - 
5-FU  treatment  of  patients  prior  to  marrow  harvest  results 
in  enrichment  of  multifactor-responsive  HPP-CFC  and  possibly 
provides  superior  platelet  recovery. 

In  addition,  5-FU  has  been  used  in  murine  systems  and 
primate  models  to  enhance  retroviral  transduction  of 
progenitor  cells.  Patients  in  this  protocol  are  treated 
with  5-FU  prior  to  marrow  harvest  in  order  to  1)  enhance 
marrow  recovery  post-transplant  and  2)  continue  to  evaluate 
the  retroviral  transduction  efficiency  of  pre  and  post-FU 
marrow  samples  in  vitro.  The  data  presented  above  reassures 
us  that  5-FU  treatment  of  patients  in  vivo  allows  safe  and 
possibly  improved  marrow  recovery  post-transplant. 

3.3  PERIPHERAL  BLOOD  STEM  CELL  TRANSPLANTATION 

It  has  been  known  for  twenty  years  that  the  peripheral  blood 
contains  progenitor  cells,  and  recent  advances  in  cell 
separation  technology  have  allowed  harvest  of  these 
circulating  progenitors  from  humans.  The  combination  of 
peripheral  blood  progenitors  and  autologous  bone  marrow  was 
noted  to  produce  more  rapid  engraftment  than  bone  marrow 
given  alone.20,21  Peripheral  blood  progenitors  or  "stem 
cells"  without  additional  marrow  support  were  found  to  be  a 
reliable  source  of  hematopoietic  support  after  high-dose 
therapy.64  ; Collection  of  peripheral  blood  cells  during 
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recovery  from  chemotherapy  or  during  hematopoietic  growth 
factor  administration  was  found  to  increase  progenitor  or 
stem  cell  yield.64'67 

A number  of  small  studies  have  been  carried  out  with 
peripheral  blood  stem  cell  support  alone  or  in  combination 
with  marrow  transplantation  in  multiple  myeloma.  68'73 
Investigators  became  interested  in  this  approach  because  it 
seemed  to  shorten  neutropenia  after  transplant  and  because 
patients  ineligible  for  bone  marrow  harvest  due  to  prior 
extensive  spine  or  pelvic  radiotherapy  or  extensive  pelvic 
tumor  burden  could  be  included  in  protocols  employing  this 
technique.74  Also,  peripheral  blood  was  felt  to  be  less 
contaminated  than  marrow  by  tumor  cells.  Results  are 
conflicting  on  this  issue,  but  even  using  relatively 
insensitive  techniques,  some  investigators  have  detected 
circulating  clonal  plasmacytoid  cells,  s.68*70*75'77  There  are 
animal  models  of  myeloma  suggesting  that  the  malignant  cells 
may  arise  outside  of  the  bone  marrow,  i.e.  in  the  lymph 
nodes  or  intestinal  lymphoid  tissue,  then  migrate  via  the 
peripheral  blood  to  seed  the  bone  marrow.  8 

Several  studies  have  reported  difficulty  in  collecting 
adequate  numbers  of  nucleated  peripheral  blood  cells  or  CFU- 
GM  from  multiple  myeloma  patients,  most  commonly  after  high- 
dose  chemotherapy  mobilization  without  growth  factor 
augmentation.  6S’»7^-73.78  These  difficulties  were  more 
pronounced  in  patients  that  had  received  extensive  prior 
chemotherapy.  Other  groups  were  able  to  collect  adequate 
numbers  of  cells  and  to  successfully  perform  transplants 
with  peripheral  blood  stem  cells  alone,  especially  with  the 
addition  of  growth  factors  to  the  high-dose  chemotherapy 
mobilization  regimens.37,68'70'79'80 

3.4  MECHANISM  OF  RELAPSE  AFTER  HIGH-DOSE  THERAPY  WITH  AUTOLOGOUS 
STEM  CELL  SUPPORT 

The  possibility  of  reinfusion  of  marrow  or  peripheral  blood 
myeloma  tumor  cells  during  autologous  transplantation  has 
been  a major  theoretical  hurdle  to  the  use  of  this 
technique.  The  vast  majority  of  myeloma  patients  receiving 
autologous  marrow  transplants  have  had  gross  contamination 
of  ’mafrow  with  monoclonal  plasma  cells  at  the  time  of 
harvest.  Most  studies  have  excluded  patients  with  > 30% 
marrow  plasma  cells.  When  a multivariate  analysis  was  done 
of  the  impact  of  various  pre-transplant  characteristics  on 
outcome,  the  marrow  plasma  cell  percentage  (below  30%)  at 
the  time  of  harvest  had  no  effect  on  remission  rate  or 
median  survival  after  transplantation.44  One  small  study 
has  been  carried  out  using  antibodies  against  a mature 
plasma  cell  antigen  (PCA-1) , a pan-B  cell  antigen  (CD20) , 
and  an  immature  B-cell  antigen  (CALLA  or  CD10)  to  purge  the 
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marrow  prior  to  reinfusion.81  Despite  a 2-3  log  purging 
efficacy  on  myeloma  tumor  cell  lines,  and  absence  of  any 
detectable  B lineage  cells  in  the  treated  marrows,  7/11 
patients  relapsed  or  did  not  respond  to  high-dose 
chemotherapy  and  autologous  transplantation.  Studies  are 
also  ongoing  with  other  methods  of  in  vitro  purging,  such  as 
4-HC  or  ricin-conjugated  immunotoxins,  but  results  are  too 
preliminary  to  interpret.82,83 

These  results  are  not  surprising  given  the  lack  of  proven 
value  for  purged  versus  unpurged  autologous  marrow  in  any 
malignancy  involving  the  bone  marrow.  In  myeloma  the 
problem  is  compounded  by  our  lack  of  ability  to  define  the 
myeloma  "stem  cell"  phenotypically , making  the  choice  of 
purging  agents  and  assessment  of  purging  efficacy  much  more 
difficult.  Plasma  cells,  even  myelomatous  ones,  have  an 
extremely  low  labelling  index  and  seem  to  be  terminally 
differentiated  cells  with-  little  capacity  for  proliferation. 
Self-renewal  must  be  explained  by  a clonogenic  "stem  cell" 
earlier  in  the  maturation  sequence.84  It  also  seems  clear 
that  myeloma  tumor  cells  exhibit  abnormal  maturation  and 
lineage  infidelity.  In  almost  50%  of  patients,  aberrant 
expression  of  CALLA,  myelomonocytic  antigens  and  T-cell 
antigens  on  tumor  cells  can  be  detected.  These 
subpopulations  with  an  immature  phenotype  may  represent  a 
stage  closer  to  the  true  myeloma  "stem  cell,"  and  one 
explanation  is  that  the  initial  step  in  myeloma  pathogenesis 
may  involve  a cell  with  -pluripotent  characteristics. 

Recent  approaches  to  defining  the  involved  cell 
genotypically  instead  of  phenotypically  are  more  promising 
in  terms  of  analyzing  populations  of  cells  for  otherwise 
undetectable  tumor.  These  approaches  are  all  based  on  the 
detection  of  clonally  rearranged  immunoglobulin  genes.  By 
using  Southern  blotting,  which  is  sensitive  down  to  1-5% 
clonal  cells,  populations  of  malignant  cells  have  been 
detected  in  the,  peripheral  blood  of  myeloma  patients,  even 
in  the.  absence,  of  any' phenotypically  identifiable 
circulating  tumor  cells.5,76  A much^more  sensitive  technique 
using  consensus,  primers  to  P£R-amplify  the  rearranged 
immunoglobulin  locus  has  recently  been  applied  to  myeloma.6 
Even  patients  in  CR  by  standard  criteria  (i.e.  lack  of  any 
detectable  monoclonal  paraprotein,  <5%  bone  marrow  plasma 
cells)  had  specific  tumor  rearrangements  detected  by  this 
technique,  which  is  sensitive  down  to  at  least  one  cell  in 
105.  This  technique  has  not  been  used  to  monitor  myeloma 
patients  post-transplant,  and  the. significance  of  residual 
clonally-rearranged  cells  is  uncertain. 

It  seems  more  likely  that  patients  who  relapse  after 
autologous  bone  marrow  transplantation  do  so  because  of 
failure  of  the  pre-transplant  conditioning  regimen  to 
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eradicate  all  clonogenic  tumor  cells.  The  high  frequency  of 
relapse  after  allogeneic  transplantation  supports  this 
hypothesis.  There  may  be  a population  of  non-cycling  tumor 
cells,  especially  during  clinical  "plateau  phase",  that  are 
insensitive  to  primarily  cell-cycle  specific  chemotherapy 
and  radiotherapy.  These  cells  may  lay  dormant  for  long 
periods  after  therapy,  then  be  released  by  some  change  in 
microenvironment.  It  is  also  possible  that  patients 
initially  revert  back  to  a pre-myeloma  state  (i.e.  a benign 
monoclonal  gammopathy)  characterized  by  persistence  of  a low 
level  M-component  but  no  other  characteristics  of  myeloma, 
then  stochastically  again  acquire  a second  mutation  that  may 
be  required  for  unchecked  neoplastic  proliferation. 19 

Retroviral  gene  marking  protocols  approved  by  the 
Recombinant  DNA  Advisory  Committee  (RAC)  and  now  in  progress 
for  neuroblastoma,  acute  myelogenous  leukemia  and  chronic 
myelogenous  leukemia  offer  a potential  approach  to 
investigate  whether  or  not  reinfused  marrow  act  as  a 
reservoir  for  viable  clonogenic  tumor  cells.  We  will 
propose  a protocol  amendment  in  the  future  to  apply  this 
gene  marking  approach  to  myeloma.  This  is  an  important 
issue,  because  marrow  purging  by  immunotoxins , cytotoxic 
agents,  monoclonal  antibodies  or  physicochemical  separation 
may  delay  engraftment,  thus  increasing  the  morbidity  and 
mortality  of  transplantation.86  Animal  and  preclinical 
studies  have  shown  that  these  methods  all  reduce 
contamination  of  normal  marrow  mixed  with  tumorigenic 
immortalized  cells,  but  no  purging  protocol  has  yet  been 
shown  to  convincingly  impact  on  relapse  rate  or  survival 
when  naturally-occurring  tumor-infiltrated  marrow  is  purged 
prior  to  transplantation.  The  resolution  of  this  issue  will 
help  focus  further  protocols,  because  at  present  much  energy 
and  time  is  being  devoted  to  developing  purging  techniques 
for  myeloma  and  other  marrow-infiltrating  malignancies. 


3.5  BIOLOGY  OF  HEMATOPOIETIC  RECONSTITUTION  AFTER 
TRANSPLANTATION 

Unlike  allogeneic  transplantation,  where  genetic  markers  can 
be  used  to  definitively  identify  donor  versus  recipient 
hematopoietic  cells,  the  biology  of  hematopoiesis  following 
autologous  transplantation  is  poorly  understood.  It  is 
unknown  if  harvested  and  stored  marrow  or  peripheral  blood 
cells  simply  provide  a temporary  bridge  until  endogenous 
marrow  recovers,  or  if  true  viable  stem  cells  are 
transplanted  that  completely,  and  permanently  repopulate  the 
recipient.  Cells  originating  from  progenitors  or  stem  cells 
in  the  autograft  can  not  be  distinguished  from  cells 
•originating  from  residual  progenitor • or  stem  cells  surviving 
^ conditioning  therapy. 
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Following  myeloablative  therapy  autologous  bone  marrow  plus 
peripheral  blood  stem  cell  (PBSC)  infusions  have  led  to 
rapid  hemopoietic  reconstitution  in  humans.  The  relative 
contribution  of  each  to  short  or  long  term  engraftment  is 
unknown.  Preliminary  studies  by  Gianni  21  and  Elias  20  using 
chemotherapy  and  GM-CSF-mobilized  cells  suggest  that 
recovery  with  the  combination  is  more  rapid  than  with  marrow 
transplantation  alone.  In  one  study  the  time  to  re- 
engraftment  of  platelets  > 20,000/ul,  neutrophils  > 500/ul, 
and  days  to  discharge  from  the  hospital  was  shortened  by  4, 
7,  and  11  days,  respectively  23 . There  were  no  instances  of 
delayed  platelet  count  return.  An  unpublished  study  using  G- 
CSF-mobilized  peripheral  blood  cells  in  combination  with 
bone  marrow  also  found  more  rapid  platelet  and  neutrophil 
reconstitution.  (G.  Morstyn,  personal  communication)  In 
contrast,  while  many  patients  who  receive  PBSC  autografts 
alone  experience  rapid  hematologic  recovery,  a number  endure 
incomplete,  transient  or  delayed  reconstitution.64 
Therefore,  PBSC  may  provide  a source  of  committed 
progenitors  responsible  for  early,  but  often  incomplete 
marrow  regeneration,  whereas  bone  marrow  may  contain 
pluripotent  stem  cells  sufficient  to  achieve  durable 
engraftment.  In  patients  who  receive  PBSC  alone,  late 
recovery  may  be  unrelated  to  the  autograft  and  may  instead 
result  from  endogenous  recovery.  These  hypotheses  require 
further  evaluation. 

By  genetically  marking  PBSC  and  bone  marrow,  each  with  a 
unique  retroviral  marking  vector,  serial  studies  post- 
transplant may  make  it  possible  to  determine  their  relative 
roles  in  hemopoietic  reconstitution.  If  initial  studies 
demonstrate  the  feasibility  of  marking  these  cells  in  vitro 
and  being  able  to  detect  them  post-transplant,  the  impact  of 
a myriad  of  interventions  could  be  assessed,  including  pre- 
harvest chemotherapy  or  growth  factor  therapy,  in  vitro 
expansion  or  purging  of  the  harvested  cells,  and  post- 
transplantation growth  factor  therapy. 


4 . 0  PATIENT  ELIGIBILITY 

4.1  < age  65  at' time  of  pretransplant  evaluation. 

4.2  An  established  diagnosis  of  multiple  myeloma,  with  a 
detectable  serum  or  urine  monoclonal  paraprotein  at  the  time 
of  diagnosis  or  relapse. 

4.3  ECOG  performance  status  of  0 or. .1  and  a life-expectancy 
of  greater  than  3 months. 

4.4  Patients  must  be  ineligible  for  standard  allogeneic 
transplantation,  based  on  age  > 50,  inability  to  identify  a 
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five  or  six  HLA  antigen-matched  sibling,  or  lack  of  means  to 
undergo  an  allogeneic  transplantation. 

4.5  Marrow  cellularity  of  greater  than  30%,  with  an  average 
of  < 30%  plasma  cells  in  bilateral  pre-study  bone  marrow 
aspirates  and  biopsies.  Patients  with  extensive  marrow 
fibrosis  will  be  excluded.  Pre-study  peripheral  blood 
counts  must  include  a platelet  count  of  greater  than 

100, 000/ul  and  an  absolute  neutrophil  count  of  greater  than 
1500/ul. 

4.6  Demonstration  of  a partial  or  complete  response  to 
initial  or  salvage  therapy  (a  minimum  of  a 50  % reduction  in 
the  detectable  serum  paraprotein  or  at  least  a 90%  reduction 
in  the  detectable  urine  monoclonal  light  chains,  stable  for 
at  least  four  weeks  prior  to  entry  into  study  and  initiation 
of  cyclophosphamide  for  peripheral  blood  stem  cell 
mobilization,  off  of  therapy) . 

4.7  At  time  of  entry  into  study  FEV1/FVC  > 75%  of  predicted, 
DLCO  > 50  % of  predicted,  LVEF  > 50%,  bilirubin  < 2.0, 
transaminases  < 2X  upper  limit  of  normal,  serum  creatinine  < 
2.0.  Patient  should  have  no  other  significant  active 
medical  problems,  including  coronary  artery  disease,  serious 
infection,  HIV  positivity,  uncontrolled  diabetes  mellitus, 
or  any  other  illness  that,  in  the  opinion  of  the  principle 
investigators,  would  jeopardize  the  ability  of  the  patient 
to  tolerate  aggressive  chemoradiotherapy  or  be  aggravated  by 
the  treatment  regimen.  Patients  with  a prior  history  of 
another  malignancy  will  be  excluded,  with  the  exception  of 
localized  basal  cell  or  squamous  skin  carcinoma  or  localized 
bladder  carcinoma.  Other  malignancies  for  which  the  patient 
did  not  receive  prior  chemotherapy  and  were  cured  by  local 
surgery,  such  as  head  and  neck  carcinoma  or  stage  I breast 
cancer,  will  be  considered  on  an  individual  basis. 

4.8  Prior  irradiation  to  > 10  cm2  of  lung  tissue  or  greater 
than  2000  rads  to  the  thoracic  spine  will  exclude  patients 
from  total  body  irradiation.'  Prior  radiation  therapy 
extensive  enough  to  preclude  TBI  will  not  exclude  the 
patient  from  this  study  unless  it  is  also  extensive  enough 
to  preclude  adequate  bone  marrow  harvest.  Patients  unable 
to  receive  TBI  due  to  prior  radiation  therapy  will  receive 
higher-dose  conditioning  chemotherapy  (see  section  5.5). 
Patients  with  active  lytic  lesions  or  plasmacytomas 
requiring  ongoing  radiation  therapy  will  be  excluded  from 
the  trial  until  their  radiation  treatments  are  completed. 

All  patients  will  be  evaluated  by  the  radiation  therapy 
department  prior  to  inclusion  in  the  protocol. 

4.9  Marrow  harvest  of  > 0.5  X 108  nucleated  cells/kg  body 
weight  (preprocessing)  will  be  required  for  the  patient  to 
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undergo  transplantation.  If  less  than  0.5  X 108  nucleated 
cells/kg  are  .obtained,  then  no  high-dose  chemotherapy  or 
autotransplantation  will  be  attempted:  If  deemed  appropriate 
by  the  principal  investigator,  a second  marrow  harvest  may 
be  attempted  in  order  to  obtain  adequate  numbers  of  cel.ls. 

4.10  Peripheral  blood  nucleated  cell  harvest  of  > 3 X 
108/kg. 

4.11  Patients  maintained  on  interferon  or  chemotherapy  will 
have  these  treatments  discontinued  for  at  least  four  weeks 
prior  to  entry  into  this  study. 

4.12  Ability  to  give  informed  consent. 


5 . 0 TREATMENT  PLAN 

5.1  Placement  of  Central  Venous  Catheter 

All  patients  will  have  a double  or  triple  lumen  semi- 
permanent silastic  central  venous  catheter  of  an 
adequate  size  to  allow  apheresis  placed  in  the 
operating  room  prior  to  initiation  of  pre-apheresis 
cyclophosphamide.  The  Davol  hemodialysis  Hickman 
catheter  would  be  preferred.  General  or  local 
anesthesia  may  be  used. 

5.2  Peripheral  Blood  Stem  Cell  Mobilization  and  Harvest 

See  section  7.1  for  details  of  apheresis  procedures. 

Throughout  patients  will  receive  standard  antiemetic 
regimens  as  required,  and  intravenous  hydration  to 
maintain  good  urine  output  and  normalize  electrolytes. 

Prior  chemotherapy  or  interferon  will  be  discontinued 
at  least  28. days  before  beginning  this  treatment  plan. 

Day  # 


Day  1 Begin  intravenous  hydration  2 liters/m2/day 
normal  saline.  Continue  X 24  hours.  If  urine  output  is 
less  than  100  cc/hr,  consider  furosemide. 

At  least  2 hours  after  beginning  hydration,  give 
cyclophosphamide  4 grams/m2.  IV  over  60  minutes. (see 
appendix 'for  detailed  drug  information) 
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MESNA  24  mg/kg  IV  over  30  minutes  at  0,3,6,9,12,15 
hours  post-cyclophosphamide,  (see  appendix  for  detailed 
drug  information) 

DAY  2 Begin  G-CSF  at  a dose  of  12  ug/kg/day 

subcutaneously,  (see  appendix  for 
...  detailed  drug  information) 

When  total  white  blood  cell  count  recovers  to  > 

1000/ul:  begin  daily  leukophereses , continue  until  at 
least  3 X 108  nucleated  cells/kg  are  collected.  G-CSF 
will  be  discontinued  after  the  final  leukopheresis , or 
when  the  total  circulating  white  blood  cell  count 
reaches  20,000/ul. 

5.3  5-Fluorouracil  Priming  of  Marrow 

At  least  14  days  after  discontinuation  of  G-CSF  and 
completion  of  leukopheresis,  a bone  marrow  aspirate  and 
biopsy  will  be  performed.  -If  the  peripheral  blood 
absolute  neutrophil,  count  is  < 1500/ul  or  the  platelet 
count  is  < 100 , 000/ul  at  this  point,  then  the  repeat 
bone  marrow  aspirate  and  biopsy  will  be  delayed  until 
the  peripheral  counts  reach  those  levels.  If 
cellularity  is  greater  than  30  %,  the  patient  will  be 
given  5-f luorouracil  15  mg/kg  IV  qd  X 3 (see  appendix 
for  detailed  drug  information).  If  the  cellularity  is 
less  than  30%,  the  5FU  therapy  will  be  delayed  until 
cellularity  is  greater  than  30%  Bone  marrow  aspirate 
and  biopsy  will  be  performed  on  day  5 and  on  day  15 
following  the  initial  dose  of  5-f luorouracil  to  assess 
cellularity,  progenitor  content  and  retroviral 
inf ectivity . 

5.4  Bone  Marrow  Harvest 

See  section  5.2.  Bone  marrow  harvest  will  occur  on  day 
10  after  the  first  dose  of  5-f luorouracil , and  no  later 
than  day  -5  prior  to  transplantation  (see  below).  Bone 
marrow  harvest  will  be  delayed  if  the  absolute 
neutrophil  count  is  below  1000/ul  or  the  platelet  count 
.is  below  100,000  until  the  peripheral  blood  counts 
recover  to  this  level. 

5.5'  High-Dose  Chemoradiotherapy  and  Transplant 

Throughout  patients -will  receive  standard  antiemetic 
regimens  as  required,  and  intravenous  hydration  to 
maintain  good  urine  output  and  normalize  electrolytes. 


Day  # 
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-5  Begin  pentoxifylline  1600  mg/day  po  divided  qid. 
Continue  until  day  +30. 

-5  Begin  IV  fluid  hydration  at  100-150  cc/hr. 

Supplemental  potassium  and  magnesium  may  be  added 
as  necessary,  and  bicarbonate  infusion  and 
allopurinol  may  be  given  in  the  rare  patient  at 
high  risk  for  tumor  lysis  syndrome. 

-4  Melphalan  140  mg/m2  X 1 over  30  minutes  IV  (see 

appendix  for  detailed  drug  information) . Patients 
greater  than  20%  over  their  ideal  body  weight  will 
have  their  dose  adjusted  to:  Ideal  weight  + 

(actual  weight  - ideal  weight/2) . 

-3  200  cGy  total  body  irradiation  X 2.  Dose  rate  12.5 

mu/minute.  A minimum  of  six  hours  will  elapse 
between  doses.  .(See  appendix  for  further 
information) 

-2  200  cGy  total  body  irradiation  X 2 

-1  200  cGy  total  body  irradiation  X 2 

0 Autologous  marrow  and  peripheral  blood  stem  cell 
reinfusion:  Premedicate  patients  with 

hydrocortisone  100  mg  IVP  and  benadryl  25  mg  IVP. 
Cells  are  infused  intravenously  at  the  bedside 
over  30-120  minutes  without  a filter  after  rapid 
thawing  in  a 37  degree  water  bath.  Total  volume 
expected  to  be  100-500  cc.  Possible  toxicities 
include  volume  overload,  which  can  be  treated  by 
slowing  the  infusion  and  using  diuretics,  and 
transient  dyspnea  due  to  mast  cell  degranulation 
induced  by  DMSO,  which  can  be  treated  with 
additional  antihistamines  and  steroids. 

+1...  Begin  granulocyte-macrophage  colony-stimulating 
factor  (G-CSF) 12  ug/kg/day  as  intravenous  bolus 
, infusion,  continue, until  absolute  neutrophil  count 
reaches  1000/mm3  fop  three  consecutive  days,  or 
day  28.  ' If  the  ANC  falls  to  < 500/ul  after  G-CSF 
discontinuation, - restart  at  prior  dose. See 
appendix  for  detailed  drug  information. 


5.6  Alternative  High-Dose  Chemotherapy  Regimen  for  Patients 
Ineligible  for  TBI. due . to  Prior  Radiotherapy.  (See 
section  4.8) 


Day  # 
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-5  or  earlier:'  Bone  marrow  harvest. 

-5  Begin  pentoxifylline  1600  mg/day  po  divided  qid. 

. Continue  until  day  +30. 

-2  Begin  IV  fluid  hydration  at  100-150  cc/hr. 

Supplemental  potassium  and  magnesium  may  be  added 
as  necessary,  and  bicarbonate  infusion  and 
allopurinol  may  be  given  in  the  rare  patient  at 
high  risk  for  tumor  lysis  syndrome. 

-1  Melphalan  200  mg/m2  X 1 over  60  minutes  IV  (see 

appendix  for  detailed  drug  information) . Patients 
greater  than  20%  over  their  ideal  body  weight  will 
have  their  dose  adjusted  to:  ideal  weight  + 

(actual  weight  - ideal  weight/ 2) . 

0 Autologous  marrow  and  peripheral  blood  stem  cell 
reinfusion:  Cells  are  infused  intravenously  at 

the  bedside  over  30-120  minutes  without  a filter 
after  rapid  thawing  in  a 37  degree  water  bath. 
Total  volume  expected  to  be  100-500  cc.  Possible 
toxicities  include  volume  overload,  which  can  be 
treated  by  slowing  the  infusion  and  using 
diuretics,  and  transient  dyspnea  due  to  mast  cell 
degranulation  induced  by  DMSO,  which  can  be 
treated  with  antihistamines. 

+1  Begin  granulocyte-macrophage  colony-stimulating 
factor  (G-CSF)  12  ug/kg/day  as  an  intravenous 
bolus,  continue  until  absolute  neutrophil  count 
reaches  1000/mm3  for  three  consecutive  days,  or 
day  28.  If  the  ANC  falls  to  < 500/ul  after 
discontinuation,  restart  at  prior  dose,  (see 
appendix  for  detailed  drug  information)  See 
section  11.0  for  dose  modifications. 


5v 7 Pbst-Engraftment  Maintenance  Interferon  Therapy 

When  the  absolute'  neutrophil'  count  is  > 1500/ul 
maintained .of f of  G-CSF  for  greater  than  one  week  and 
■ the  platelet  count  is  > 80,000/ul,  recombinant  alpha 
interferon  at  a. dose,  of  3 X 10-6  units/m2 
subcutaneously  3X/week  will  be  started  and  continued 
until  relapse,  unacceptable  toxicity  or  > 2 years  of 
continuous  CR..  See.  section  11.0  for.  dose  modifications. 


6.0  CONCURRENT  TREATMENT  AND  SUPPORTIVE  CARE 
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6.1  Blood  Products 

1.  All  blood  products  transfused  beginning  on  day  of 
cyclophosphamide  infusion  prior  to  peripheral  blood 
stem  cell  harvest  will  be  irradiated  with  2000  cGy.and 
given  through  a leukocyte  depletion  filter. 

2.  Platelets  will  be  transfused  in  order  to  prevent 
bleeding  and  an  attempt  will  be  made  to  keep  the 
circulating  platelet  count  above  20,000/ul.  Leukocyte- 
poor  platelets  and  single  donor  apheresis  platelets 
will  be  used  to  try  and  prevent  alloimmunization.  An 
attempt  to  find  HLA-matched  platelets  will  be  made  if 
the  patient  is  refractory  to  standard  single-donor 
apheresis  platelets  and  has  a positive  HLA  antibody 
screen. 

3.  The  hematocrit  will  be  kept  above  30%  with 
leukocyte-poor,  irradiated  packed  red  blood  cells. 

4.  Febrile  or  mild  allergic  reactions  to  blood 
products  will  be  treated  with  acetominophen, 
diphenhydramine,  and  if  necessary,  hydrocortisone  and 
meperidine. 

6.2  Nutritional  Support 

1.  At  the  first  sign  of  inadequate  oral  intake,  total 
parenteral  nutrition  will  be  instituted.  We  expect 
that  virtually  all  patients  enrolled  in  this  protocol 
will  require  TPN  for  2-4  weeks. 

2.  Patients  receiving  TPN  will  be  followed  by  the 
Nutrition  Support  Service. 

6.3  Infectious  Disease  Management 

1.  Once  pre-transplant  conditioning  therapy  with 
melphalan  cind  TBI  begins,  patients  will  be  kept  in  a 
protected  environment,  in  a single  room,  and  will  be 
asked  to  wear  a mask  when  outside  their  room.  Visitors 
and,  staff  will  be  required  to  follow  strict  handwashing 
practices.  Children  under  the  age  of  12  will  not  under 
normal  circumstances  be  permitted  in  the  room. 

2.  Patients  will  be  placed  on  a low  bacteria  diet  (no 
fresh  fruits  and  vegetables)  beginning  on  day  -5  prior 
to  transplantation. 

3.  Once  a patient  has  an  absolute  neutrophil  count  of 
less  than  1000/ul,  a fever  of  > 38.3  will  require 
institution  of  broad  spectrum  antibiotics  after  full 
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blood,  urine,  throat  and  other  indicated  cultures  are 
performed.  Initial  empiric  antibiotic  coverage  will 
consist  of  a third  generation  cephalosporin,  with 
further  additions  or  adjustments  determined  by  the 
patient's  clinical  condition  and  culture  results.  .Once 
antibiotic  treatment  has  been  instituted,  it  should  not 
be  discontinued  routinely  until  the  absolute  neutrophil 
count  has  recovered  to  > 500/mm3. 

4.  Antifungal  treatment  will  be  considered  in  patients 
who  have  persistent  fevers  on  broad  spectrum 
antibiotics  after  3-4  days,  or  positive  fungal 
cultures,  or  abnormalities  on  CAT  scan,  MRI  or  plain 
films  suggestive  of  fungal  disease.  Amphotericin  will 
be  initiated  with  a test  dose  of  one  mg,  and  if 
tolerated  starting  dose  will  be  .5  mg/kg.  This  may  be 
increased  up  to  a dose  of  1.0  mg/kg  if  fevers  persist 
or  fungal  infection  is  documented.  Doses  will  be 
adjusted  to  ref lect • renal  function  as  necessary. 

5.  All  patients  will  receive  trimethoprim- 
sulfamethoxazole  prophylaxis  beginning  between  day  -4 
and  day  +3.  Patients  will  receive  one  double  strength 
tablet  bid  on  Saturday  and  Sunday  until  day  +90.  If 
unable  to  tolerate  p.o,  patients  will  receive  5 mg/kg 
IV  bid  Saturday  and  Sunday  (based  on  trimethoprim 
component)  instead. 

if 

6.  All  HSV  sero-positive  patients  will  receive 
acyclovir  beginning  day  -5.  Dose  will  be  250mg/m2  IV 
ql2  hours.  Patients  will  switch  to  200mg  p.o.  tid  upon 
hospital  discharge,  and  continue  until  day  +90. 


6.4  Oral  Hygiene,  Management  of  Mucositis 

1.  Nystatin  oral  suspension  IX  106  units  swish  and 
swallow  q4  hours,  beginning  day  -4,  d/c  when  ANC  > 

1000/ul  for  3 days. 

2.  Peridex  solution,  swish  and  spit  q4  hours, 
beginning  day  -4,  d/c  when  ANC  > 1000/ul  for  3 days. 

3.  Salt  and  soda  solution,  swish  and  spit  q4  hours, 
beginning  "day  -4;  :d/c  when". : ANC  > 1000/ul  for  three 
days . 

4.  Chlotrimazole  troches  prn. 

5.  Parenteral  narcotics  (including  morphine  sulfate 
continuous  infusion  or  via  PCA  pump)  if  necessary  for 
control  of  mucositis  pain. 

'I 
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7.0  BONE  MARROW  HARVEST,  CELL  SEPARATION  AND  CRY OPRES ERVATI ON 

7.1  Peripheral  Blood  Stem  Cell  Collection 

Peripheral  blood  will  be  processed  through  a Fenwall 
CS3000  blood  cell  separator  via  continuous  flow 
centrifugation,  and  non-mononuclear  blood  components 
returned  to  the  patient..  Collections  will  begin  when 
the  total  white  blood  cell  count  reaches  1000/ul  after 
cyclophosphamide  4 gm/m2  and  G-CSF  mobilization  (see 
Section  6.2)  and  will  continue  daily  until  a total 
nucleated  cell  count  of  at  least  3 X 108cells/kg  is 
reached.  Aliquots  of  < 5 X 107  harvested  cells  will  be 
taken  from  each  days  collection  to  assess  progenitor 
content,  surface  antigen  expression,  and  for  in  vitro 
studies  of  tumor  involvement  and  retroviral 
infectivity.  The  remaining  cells  will  be  frozen  in  10% 
DMSO , 20%  autologous  or  ABO  homologous  serum  and  media 
in  a controlled  rate  freezer  and  stored  in  liquid 
nitrogen. 

7.2  Bone  Marrow  Harvest 

Patients  will  have  marrow  harvested  using  aseptic 
technique  from  the  posterior  and  anterior  iliac  crests 
under  general  anesthesia  in  the  operating  room. 

Multiple  marrow  aspirations  will  be  collected  in 
heparinized  syringes  and  held  in  a Fenwall  bone  marrow 
collection  unit.  Volumes  totalling  1000-2500  cc  will  be 
collected,  with  a yield  of  at  least  0.5  X 108 nucleated 
cells  per  kilogram  body  weight  pre-processing  necessary 
to  go  onto  high-dose  melphalan  and  total  body 
irradiation  autologous  transplantation. 

7.3  Bone  Marrow  Processing 

Marrow  will  be  filtered  through  the  Fenwall  collection 
kit  ^f inters  to  remove  bopy  particles  and  transported  to 
the  blood  bank  for  further  processing  in  sealed, 
sterile  collection  bags.  The  total  bone  marrow  will  be 
processed  with  a Fenwall  CS3000  automated  separation 
unit  using  the  albumin. method  to  give  a mononuclear 
cell  fraction.  Samples  totaling  < 5 X 107  cells  will  be 
used  for  counting,  in  vitro  culture,  microbial  culture, 
analysis  for  tumor  involvement,  retroviral  infectivity 
and  surface  antigen  analysis. 


7.4  Cryopreservation  of  Marrow  and  Peripheral  Blood  Cells 

After  processing  of  the  cells  as  above,  a solution 
.containing  10% , DMSO  plus,  autologous  plasma  in  McCoy's 
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media  is  added  in  equal  amounts  to  the  cell  suspension 
on  ice.  Then  the  freezing  bags  containing  the  mixture 
are  placed  in  a Cryo-Med  Control  Rate  Freezer  and 
cooled  at  a 1°  C/minute  down  to  -30°  C.  At  that  time, 
the  freezing  rate  is  increased  to  10°  C. /minute  until 
a temperature  of  -90°  C is  reached.  Then  the  freezing 
bags  are  removed  and  placed  into  a liquid  nitrogen 
storage  freezer. 


8 . 0  PRESTUDY  EVALUATION 

8.1  Clinical  evaluation 

1.  Complete  history  and  physical  examination,  with 
height,  weight  and  body  surface  area  calculations 

2.  Dental  evaluation. 

3.  Chest  X-ray,  and  full  bone  survey  if  not  performed 
within  three  months  of  admission.  Other  X-rays  as 
clinically  indicated. 

4.  Electrocardiogram,  gated  blood  pool  scan  (MUGA) 

5.  Pulmonary  function  tests  with  arterial  blood  gas 

6.  Radiation  therapy  consult 

7.  Nutrition  service  consult 

8.  Social  work/psychiatry  liaison  consultation  and 
family  meeting 


8.2  Laboratory  Evaluation 

1. CBC,  platelet  count,  reticulocyte  count, 
differential,  type  and  screen/  direct  Coomb's  test,  PT 
and  PTT 

2.  Complete  serum  chemistry  panel  to  include 
electrolytes  (including  calcium,  phosphate  and 

. magnesium) , glucose,  BUN,  creatinine,  total  and  direct 
bilirubin,  alkaline  phosphatase,  SGOT/SGPT,  LDH,  beta-2 
microglobulin,  albumin,  total  protein,  serum  protein 
electrophoresis  and  quantitative  immumoglobulins 

3.  24  hour  urine  for  creatinine  clearance,  urine 
protein  electrophoreses' and  quantitation.  Routine 
urinalysis  and  urine  culture. 
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4.  HLA-typing  (A  and  B antigens)  and  anti-HLA 
serologies 

5.  HIV  antibody  testing  (within  4 weeks  prior  to  marrow 
harvest) 

6.  Hepatitis  A,  B and  C serologies 

7 . HSV,  EBV  and  CMV  serologies 

8.  Bilateral  bone  marrow  biopsy  and  aspiration  to 
ensure  adequate  cellularity  for  harvest,  to  rule  out 
extensive  fibrosis,  and  to  determine  percentage  plasma 
cells.  Cells  will  also  be  used  for  molecular  analysis 
of  immunoglobulin  gene  rearrangements,  in  vitro  growth 
analysis,  cell  surface  antigen  analysis  and  retroviral 
infectivity  analysis. 


9 . 0 ON- STUDY  EVALUATION 

9.1  Beginning  of  Pre-apheresis  Chemotherapy  until  Marrow 
Engraftment  Post-Transplantation 

1.  Daily  weights  and  input  and  output  recording  while 
hospitalized. 

2.  Daily  CBC,  platelet  count,  differential, 
electrolytes,  glucose,  BUN,  creatinine  while 
hospitalized,  then  2X/week  until  full  engraftment 
(defined  as  transfusion-independence,  ANC  > 1000/ul  off 
G-CSF,  and  platelets  > 80,000/ul). 

3.  Three  times  per  week  Ca++,  P04++,  Mg++,  albumin, 
total  protein,  reticulocyte  counts,  SGOT,  SGPT, 
bilirubin,  LDH,  alkaline  phosphatase  while 
hospitalized,  then  weekly  until  engraftment. 

4.  -Weekly  chest  X-ray,  urinalysis  until  hospital 
discharge.  Daily  urinalysis  after  cyclophosphamide  X 1 
week . 

5.  Q3D  type  and  screen  until'  transfusion  independent. 

6.  §erum  protein  electrophoresis,  quantitative 
immunoglobulins,  urine  protein  electrophoresis,  beta-2 
microglobulin  day  +30,  then  q month  X 1 year. 

7.  Bone  marrow  aspiration  and 'biopsy  at  days  +5,  +10 
and  +15  after  5FU,  then  weekly  after  transplantation 
until  engraftment  to  assess  engraftment  and  tumor  cell 
percentage,  as  well  as  to  obtain  samples  for  PCR, 
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clonogenic  assays  and  FACS  analysis.  20-40cc  of 
peripheral  blood  for  similar  studies  to  be  obtained  at 
biweekly  once  the  ANC  > 1,000/ul. 

i 

9.2  Evaluation  Following  Engraftment 

1.  Monthly  evaluations  at  the  Clinical  Center  for  the 
first  year  post-transplant..  . Weekly  or  : biweekly  CBC  can 
be  done  by  patient’s  local  physician  in  order  to 
evaluate  interferon  dosing  and  toxicity.  Monthly 
evaluation  to  include  CBC,  platelet  count, 
differential,  electrolytes,  Ca++,  liver  function  tests, 
albumin,  total  protein,  serum  protein  electrophoresis, 
quantitative  immunoglobulins,  urine  protein 
electrophoresis,  and  beta-2-microglobulin . Peripheral  ! 
blood  samples  of  20-40  cc  for  PCR  of  FACS-sorted 
peripheral  blood  populations  will  also  be  obtained. 

2.  Q3  month:  In  addition  to  the  above  studies,  bone 
marrow  aspirate  and  biopsy  will  be  performed  for 
routine  pathological  examination,  and  for  PCR,  FACS  and 
clonogenic  assays. 

3.  After  the  first  year,  identical  analysis  will  be 
performed  twice  yearly  for  five  years,  and  additionally 
at  the  time  of  any  disease  recurrence. 


10.0  TOXICITY  MONITORING 

10.1  The  Sandoz  modification  of  the  NCI  Common  Toxicity 
Criteria  Scale  will  be  used  (see  appendix) . 

10.2  A daily  assessment  will  be  made  with  regards  to  organ- 
specific  toxicity  by  one  of  the  protocol  investigators. 

10.3  The  Dartmouth  Transplant  Criteria  will  be  used  to 
' assess  hematologic  recovery  post-transplantation  (see 

appendix)  . 


1.  Post-transplant  interferon  alpha  (for  toxicity 
levels  see  appendix) 

Intolerable  fatigue  and  anorexia 

Level-!:  Dose  reduce -to -5Q3;  of  the  original  dose; 
if  no  improvement,  discontinue. 

All  other  toxicities 


11.0  DOSE  MODIFICATIONS 
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Level  1,2:  Stop  interferon.  When  symptoms  < Level 
1,  restart  at  50%  of  the  original  dose; 
Neurotoxicity  Level  2:  Discontinue  interferon. 

2 . G-CSF 

Grade  3 toxicity  (see  appendix  for  toxicity 
levels,  the  hematologic  portion  will  not  be 
utilized  for  dose  adjustments)  thought  to  be 
related  to  G-CSF,  will  necessitate  a 50%  dosage 
reduction.  If  grade  3 toxicity  persists  for  seven 
days  or  advances  to  grade  4 toxicity,  G-CSF  will 
be  discontinued  and  the  patient  will  not  re-start 
the  medication. 


12.0  HAZARDS  AND  DISCOMFORTS 

Detailed  toxicity  data  on  all  required  non-standard  study 
drugs  are  given  for  each  drug  in  the  appendix.  A detailed 
toxicity  profile  of  total  body  irradiation  at  the  doses  and 
rates  employed  in  this  study  are  also  given  in  the  appendix. 
The  major  hazard  of  this  protocol  is  transplant-related 
morbidity  and  mortality.  The  marrow  ablative  melphalan  and 
total  body  irradiation  will  destroy  the  hematopoietic 
ability  of  the  patient's  marrow,  and  leave  the  patient^ 
susceptible  to  a wide  variety  of  infections  and  bleeding 
complications  until  the  transplanted  marrow  and  peripheral 
blood  stem  cells  engraft.  Aggressive  supportive  care  as 
described  above  will  be  used  to  prevent  all  known  avoidable 
risk.  However,  a small  percentage  of  patients  (5-10%  based 
on  previously  reported  studies)  may  die  as  a direct  result 
of  transplant-related  complications.  These  include 
infections,  bleeding,  veno-occlusive  disease  of  the  liver, 
and  failure  to  engraft.  Patients  will  be  required  to  be 
hospitalized  for  up  to  three  months,  and  will  endure 
discomforts  including  reverse  isolation,  severe  mucositis 
and  related  inability  eat'  or  drink, "hAusea  and  vomiting,  and 
many,  other  high-dose  therapy ; and- transplant-related  side- 
effects.  These  discomforts  and  risks  are  fully  explained  in 
the  consent  form.  We  expect  no' toxicity  unique  to  this 
particular  protocol  since  all  components  of  the  treatment 
plan  have  been  used  previously  in  other  studies,  but 
synergistic  interactions  that  are  unexpected  could  occur, 
and  will  be  closely  watched  for. 


13 . 0 RESPONSE  CRITERIA 

13.1  A complete  clinical  response  (CR)  will  be  defined  as 
the  complete  disappearance  of  the  previously  detected  serum 
and/or  urine  monoclonal  immunoglobulin  biomarker  on  at  least 
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two  assays  post-transplantation,  separated  by  at  least  4 
weeks,  and  less  than  5 % piasma  cells  on  bone  marrow 
aspiration.  The  first  assessment  for  response  will  occur  at 
three  months  post-transplant. 

The  persistence  of  a detectable  allele-specif ic-  - 
immunoglobulin  gene  rearrangement  marker  on  PCR  of  post- 
transplantation marrow  or  peripheral- blood  -DNA' will  not 
preclude  a clinical  CR,  but  will  be  required  for  a complete 
genetic  response  (CGR) . 

13.2  A partial  clinical  response  (PR)  will"  be 'defined  as  a 
> 50%  reduction  in  the  serum  monoclonal  immunoglobulin 
biomarker,  or  a greater  than  90%  reduction  in  the  urine 
monoclonal  light  chain  biomarker  on  at  least  two  assays 
post-transplantation,  separated  by  at  least  4 weeks,  and  a 
greater  than  50%  reduction  in  bone  marrow  plasma  cells. 

13.3  Patients  not  achieving  a PR  or  a CR  will  be  considered 
clinical  non-responders  (NR) . 


14.0  CRITERIA  FOR  REMOVAL  FROM  STUDY 

14.1  Disease  progression  as  defined  as  a greater  than  25% 
increase  in  M-protein  level  over  M-protein  at  entry 
into  the  study,  progressive  bone  marrow  failure  due  to 
plasma  cell  infiltration,  or  progressive  lytic  bone 
lesions. 

14.2  Location  of  a compatible  donor  and  proceeding  to 
allogeneic  marrow  transplant. 

14.3  Pregnancy. 

14.4  Patient  withdrawal..  Withdrawal  after  melphalan  and  TBI 

but  before- stem  cell  reinfusion  will  almost 
certainly  lead  to  death. 

15-.0  BIOSTATISTICAL  ANALYSIS 

15. 1.  Evaluation ' of  Clinical/Morphologic  Response  to 
Treatment  Process: 

Continued  study  of -this- treatment  approach  is  warranted 
if  this  study  shows  a partial  or  complete  remission 
sustained  at"  least  6 months  in  > 30%  of  patients. 
Initially,  14  patients  will  be  studied.  If  < 2 patients 
meet  these  criteria,  the  study  would  close.  If  > 3 
patients  achieve'  complete'remission,  a total  of  25 
patients  would  be  studied.  Under  these  conditions  there 
’ is  a 90%  probability  that- the -study  will  continue  with 
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a true  response  rate  not  less  than  10%  and  a 90% 
probability  that  a' response  rate  of  > 30%  would  not  be 
rejected  in  this  program.  An  accrual  of  15  patients  per 
year  between  centers  is  anticipated. 

All  patients  "will  be ~eva2ruable  for  response;-  -■ 
potentially  at  multiple  points.  All  patients  will  be 
available  for  toxicity . 'Patients ‘who  die  during  therapy 
or  who  are  lost  to  follow-up  will  be  counted  as  having 
progressed  as  of  that  date  unless  there  is  definite  * 
clinical  or  autopsy  diagnosis  of  death  due  to  an 
unrelated  cause. 

15.2  Evaluation  of  Toxicity,  Disease-free  Survival, 
Progression-free  Survival: 

Incidence  of  toxicities  will  be  reported.  Disease-free 
survival  and  progression-free  survival  will  be 
calculated  by  Kaplan-Meier  analysis. 

15.3  Hematologic  Recovery  Post-transplant: 

The  number  of  days  to  resolution  of  severe  neutropenia 
(>100,  500,  1,000,  1,500/cu.  mm.)  and  thrombocytopenia 
(>  50,000,  100 , 000/cu.  mm.,  unrelated  to  transfusions) 
will  be  determined.  For  platelet  counts  the  day  of 
recovery  is  recorded  if  a particular  value  is  equaled 
or  exceeded  on  two  consecutive  days  without  platelet 
transfusions.  Patients  who  are  discharged  prior  to 
complete  hemopoietic  recovery  have  counts  measured  as 
outpatients  2-3  times  per  week  until  recovery  exceeds 
1500/cu  mm  granulocytes  and  100, 000/cu  mm  platelets. 
Probability  of  recovery  to  each  level  is  calculated 
using  Kaplan-Meier  survival  analysis. 
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APPENDIX  A 

Dartmouth  Transplant  Criteria: 

Score 

0 PMNs  never  < 500/ul,  platelets  never  < 10,000/ul 

1 PMNs  > 500/ul,  platelets  > 10,000  within  4 wks  post-BMT 

2 PMNs  > 500/ul,  platelets  > 10,000  4-8  wks  post-BMT 

3 PMNs  > 500/ul,  platelets  > 10,000  beyond  8 wks  post-BMT 

4 Death  due  to  bacterial  or  fungal  infection,  or 
hemorrhage  associated  with  PMNs  < 500/ul,  platelets  < 
10,000/ul  more  than  8 wks  post-BMT. 
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INTRODUCTION 

We  Invite  you  (or  your  child)  to  take  part  in  a research  study  at  the  National  Institutes  of  Health.  It  is  important  that  you 
read  and  understand  several  general  principles  that  apply  to  all  who  take  part  in  our  studies:  (a)  taking  part  in  the  study 
is  entirely  voluntary;  (b)  personal  benefit  may  not  result  from  taking  part  in  the  study,  but  knowledge  may  be  gained  that 
will  benefit  others;  (c)  you  may  withdraw  from  the  study  at  any  time  without  penalty  or  loss  of  any  benefits  to  which  you 
are  otherwise  entitled.  The  nature  of  the  study,  the  risks,  inconveniences,  discomforts,  and  other  pertinent  information 
about  the  study  are  discussed  below.  You  are  urged  to  discuss  any  questions  you  have  about  this  study  with  the  staff 
members  whp  explain  it  to  you. 


We  invite  you  to  participate  in  a study  of  very 
aggressive  high-dose  therapies  to  treat  multiple  myeloma.  You 
were  selected  for  this  study  because  you  are  under  the  age  of 
65  and  have  chemotherapy-responsive  multiple  myeloma.  These 
treatments  are  experimental  and  we  do  not  know  if  your  life 
will  be  prolonged  by  them  or  if  you  will  be  cured  of  your 
multiple  myeloma.  The . purpose  of  this  study  is  to  determine 
the  safety  and  effectiveness  of  this  type  of  treatment.  -This 
consent  form  will  describe  why  we  think  this  type  of  treatment 
might  help  you,  what  this  treatment  involves  and  what  it's 
risks  are,  and  what  alternative  treatments  exist. 


You  have  a serious  disease  called  multiple  myeloma,  a 
cancer  of  bone  marrow  cells  called  plasma  cells.  When  these 
cells  grow  in  large  numbers  in  the  bone,  they  can  cause  pain 
and  fractures.  They  can  also  crowd  out  normal  bone  marrow 
cells,  and  thus  decrease  the  ability  to  make  red  blood  cells, 
white  blood  cells,  and  platelets.  As  a result,  myeloma 
patients  can  become  anemic,  develop  abnormal  bleeding,  and 
have  trouble  with  serious  infections.  These  abnormal  plasma 
cells  can  secrete  large  amounts  of  proteins  called  antibodies 
that  may  cause  kidney  or  brain  damage.  Chemotherapy  medicines 
can  often  decrease  the  number  of  these  abnormal  cells,  and  and 
relieve  some  of  the  symptoms  of  the  disease.  Radiation 
treatments  can  prevent* *  plasma  cell  tumors  from  further 
damaging  the  bones,  and  decrease  bony  pain.  You  have  already 

received  these  types  of  treatments,  and  your  tumor  has  been 
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shown  to  respond  to  them.  The  average  amount  of  time  myeloma 
patients  live  after  diagnosis  has  been  increased  by  these 
treatments.  However,  none  of  these  standard  treatments  have 
been  shown  to  make  the  myeloma  disappear  forever. 

Higher  doses  of  chemotherapy  and  radiation  are  able  to 
destroy  a greater  number  of  myeloma  cells,  but  these  high 
doses  also  destroy  normal  bone  marrow  cells  and  can  not  be 
tolerated  without  receiving  a bone  marrow  transplant  as  a 
"rescue".  A bone  marrow  transplant  from  another  person  (an 
"allogeneic"  bone  marrow  transplant)  is  one  method  to  allow 
very  high  doses  of  chemotherapy  and  radiation  to  be  given. 

This  type  of  transplant  has  been  done  in  a number  of  patients 
with  multiple  myeloma,  and  some  of  them  may  have  been  cured  by 
this  procedure.  But  allogeneic  bone  marrow  transplants  are 
very  risky,  especially  in  patients  over  the  age  of  40,  and  not 
every  patient  has  a suitable  bone  marrow  donor  available. 
Either  because  of  your  age,  other  risk  factors,  or  the  lack  of 
a suitable  donor,  you  and’  your  doctors  have  decided  not  to 
pursue  an  allogeneic  transplant. 

In  this  research  study  we  instead  propose  to  harvest  and 
then  freeze  your  own  bone  marrow  cells  after  you  have  received 
standard  chemotherapy  to  reduce  the  number  of  tumor  cells  in 
your  marrow  as  far  as* possible.  We  also  propose  to  collect 
and  then  freeze  cells  that  circulate  in  your  blood  called 
peripheral  blood  stem  cells  (PBSC)  that  can  help  replenish 
your  bone  marrow  after  high-dose  chemotherapy  and  radiation. 

After  cells  have  been  harvested  both  from  your  bone  marrow  and 
from  your  blood,  you  will  receive  very  high-dose  chemotherapy 
with  a drug  called  melphalan,  and  radiation  treatments  to  you 
entire  body.  You  will  then  receive  back  an  infusion  of  your 
own  bone  marrow  and  blood  cells  ("autologous"  bone  marrow 
transplant) . These  cells  should  then  migrate  to  the  bone 
marrow  cavity  and  form  a new  bone  marrow  that  can  produce  all 
the  necessary  types  of  blood  cells. 

Autologous  transplants  of  bone  marrow  or  peripheral  blood 
or  both  have  been  used  in  over  one  hundred  other  patients  with 
multiple  myeloma  and  have  reduced  the  amount  of  tumor  present 
in  most  of  these  patients.  Some  patients  have  absolutely  no 
evidence  of  any  remaining  tumor  after  this  type  of  treatment, 
but  we  do  not  yet  know  if  they  will  have  been  cured  of  their 
tumor.  Some  patients  have  had  relapses  of  their  tumor  several 
months  or  years  after  this  type  of  treatment.  Tumor  cells 
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contaminating  the  harvested  bone  marrow  and  blood  could  cause 
relapse,  but  the  chance  of  relapse  has  not  been  found  to  be 
higher  in  patients  given  back  marrow  containing  many  tumor 
cells  as  compared  to  marrow  containing  no  visible  tumor  cells. 
It  may  be  that  tumor  cells  do  not  survive  the  transplant 
procedure  as  well  as  normal  cells. 

We  will  now  describe  each  step  in  this  treatment  plan. 

1)  Pre-transplant  testing:  To  enter  this  study  you  will  need 
to  have  many  blood,  urine  and  x-ray  tests  to  determine  the 
extent  of  your  tumor  and  the  condition  of  your  bone  marrow, 
kidneys  and  liver.  You  will  be  tested  for  viruses  which  could 
make  the  transplant  procedure  more  dangerous.  You  will  also 
need  to  have  special  breathing  tests  and  heart  tests  to  make 
sure  these  vital  organs  are  in  condition  to  undergo  bone 
marrow  transplantation.  A bone  marrow  aspiration  and  biopsy 
will  be  done  to  make  sure  you  have  enough  cells  to  allow  a 
good  harvest,  and  to  check  for  tumor  cells. 

2)  Central  line  placement:  In  the  operating  room  under 
general  or  local  anesthesia  special  intravenous  tubing  called 
a Hickman  catheter  will  be  inserted  under  your  skin  into  a 
large  vein  in  your  chest  or  neck.  The  risks  of  this  procedure 
include  bleeding  and  * pain  at  the  insertion  site  and  very 
rarely  collapse  of  a lung  during  the  procedure.  This  line  is 
necessary  for  frequent  blood  drawing,  harvesting  of  peripheral 
blood  stem  cells,  and  for  the  administration  of  all  the 
medicines  and  blood  products  you  will  need  during  the 
transplant. 

3)  Peripheral  Blood  Stem  Cell  Harvest:  At  least  one  month 
after  your  last  chemotherapy  or  radiation  treatment,  you  will 
be  admitted  to  the  hospital  and  you  will  be  given  a single 
intravenous  dose  of  a chemotherapeutic  drug  called 
cyclophosphamide.  You  will  also  be  given  4 intravenous  doses 
of  a drug  called  MESNA  that  protects  your  urinary  bladder  from 
the  damage  cyclophosphamide  can  cause.  The  next  day  you  will 
be  started  on  a drug  called  G-CSF  (granulocyte  colony- 
stimulating  factor)  given  by  injections  under  the  skin.  The 
cyclophosphamide  and  the  G-CSF  stimulate  the  bone  marrow  to 
release  "stem  cells"  into  the  circulating  blood  where  they  can 


be  collected  by  a procedure  called  pheresis. 

Cyclophosphamide  can  cause  fever,  low  blood  counts,  hair  loss, 
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nausea  and  vomiting,  diarrhea,  bleeding  and  inf  lamination  of 
the  bladder  and  rarely  heart  or  lung  damage.  MESNA  is  a 
compound  that  protects  the  bladder  from  cyclophosphamide?  it 
has  no  serious  side  effects. 

G-CSF  may  cause  bone  pain,  muscle  aches,  and  itching  and 
redness  at  the  injection  site.  It  may  also  cause  fluid 
retention  and  a temporary  drop  in  your  platelet  count.  Very 
rarely  it  can  cause  more  serious  allergic  reactions. 

Collecting  "stem  cells"  from  the  circulating  blood  as  compared 
to  the  bone  marrow  may  have  two  advantages:  1)  the  blood  cells 
may  speed  recovery  of  white  blood  cells  and  platelets  after 
the  transplant,  and  2)  the  blood  cells  may  be  less 
contaminated  with  tumor  cells  than  the  bone  marrow.  Your  blood 
counts  will  become  very  low  soon  after  the  cyclophosphamide 
infusion,  but  will  recover  within  7-10  days.  Just  as  the 
blood  counts  start  to  recover,  we  will  begin  to  collect  the 
"stem  cells"  from  your  blood,  because  that  is  when  the  largest 
number  of  them  circulate. 

To  obtain  these  cells,  you  will  be  hooked  up  by  your 
intravenous  line  to  an  apheresis  machine  in  the  Blood  Bank. 
This  machine  will  take  blood  that  is  flowing  out  of  your  vein 
and  separate  out  the  peripheral  blood  stem  cells,  then  return 
the  rest  of  the  bloody  to  you  through  your  vein.  The  blood 
stem  cells  will  then  be  frozen  and  stored.  Each  pheresis 
procedure  takes  several  hours  and  you  may  need  as  many  as  ten 
procedures  over  10-14  days.  The  risks  of  apheresis  are  low. 
You  may  feel  light-headed  and  have  tingling  around  your  mouth, 
fingers  and  toes  as  a side  effect  of  the  blood  thinnner  used 
in  the  machine. 

You  will  be  in  the  Clinical  Center  for  approximately  two-three 
weeks  for  the  cyclophosphamide  and  G-CSF  treatments  and  the 
apheresis  collections.  Once  your  blood  counts  start  to 
recover,  you  may  complete  the  apheresis  collections  as  an 
outpatient.  When  the  collections  are  completed,  the  G-CSF  will 
be  stopped,  and  you  will  either  go  home  to  rest  for  several 
weeks,  or  remain  in  the  Clinical  Center  awaiting  the  next 
phase  of  the  protocol. 

4)  5-Fluorouracil  Treatment  and  Bone  Harrow  Harvest:  At  least 
two  weeks  after  the  completion  of  the  pheresis  procedures,  you 
will  have  a bone  marrow  aspirate  and  biopsy  to  make  sure  your 
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bone  marrow  has  recovered  from  the  cyclophasphami.de . You  will 
then  be  given  an  intravenous  infusion  of  a chemotherapeutic 
drug  called  5-f luorouracil  ( 5FU)  daily  for  three  days.  We 
think  the  drug  could  "prime"  the  bone  marrow  to  recover  more 
quickly  after  transplantation.  We  will  check  the  state”  of 
your  bone  marrow  5 days  after  the  first  dose  of  5-f  luorouracil 
by  doing  a bone  marrow  aspiration  and  biopsy. 

The  use  of  5-f luorouracil  in  this  situation  is  experimental. 

In  a small  number  of  patients  given  this  drug  before  their 
bone  marrow  harvest,  the  recovery  of  platelets  after  the  bone 
marrow  transplant  was  faster.  The  side  effects  of  5-FU  can 
include  sore  mouth  and  throat,  diarrhea,  low  white  cell  count 
or  platelet  count,  bone  marrow  damage,  dizziness,  and 
excessive  tearing  in  the  eyes.  In  the  unlikely  event  that  your 
blood  counts  are  too  low  on  the  scheduled  day  of  the  bone 
marrow  harvest,  the  harvest  will  be  postponed  until  your  blood 
~ counts  recover. 

10  days  after  the  first  dose  of  5-f  luorouracil  you  will  be 
brought  to  the  operating  room  and  put  to  sleep  with  general 
anesthesia.  The  skin  on  your  back  and  buttocks  will  be 
carefully  cleaned  with  antiseptics.  Two  or  more  small 
incisions  will  be  made  in  the  skin,  and  hollow  metal  needles 
will  be  inserted  into  *the  back  of  your  pelvic  bones.  Marrow 
cells  will  be  sucked  -out  ("aspirated")  through  the  needles. 

Over  one  hundred  insertions  of  these  needles  into  your  pelvic 
bone  may  be  necessary  to  collect  enough  cells,  in  a total 
volume  of  one  or  more  quarts.  You  may  require  a blood 
transfusion  in  the  operating  room  or  after  the  procedure.  Your 
bone  marrow  cells  will  be  taken  to  the  Blood  Bank  and  frozen 
after  processing  to  remove  unecessary  cells  such  as  red  blood 
cells.  If  possible,  these  extra  red  blood  cells  will  be  given 
back  to  you . 

The  risks  of  the  bone  marrow  harvest  include  complications  of 
general  anethesia,  bleeding  from  the  needle  insertion  sites, 
pain  or  tingling  due  to  nerve  damage  in  the  buttocks,  and 
infection  at  the  needle  insertion  sites.  These  problems  are 
very  rare.  You  will  probably  experience  an  aching  pain  over 
your  lower  back  for  several  days  after  the  harvest. 


5 ) High-Dose  Melphalan  Chemotherapy  and  Total  Body 

Irradiation:  Before  your  stored  bone  marrow  and  peripheral 
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blood  cells  are  returned  to  you,  you  will  be  treated  with  very 
high-dose  chemotherapy  and  radiation.  These  treatments  are  an 
attempt  to  completely  eliminate  your  remaining  tumor  cells. 
They  can  cause  a number  of  side  effects,  all  or  some  of  which 
you  will  experience.  Attempts  will  be  made  to  minimize  these 
side  efffects  as  much  as  possible. 

You  will  receive  one  intravenous  injection  of  a drug  called 
melphalan  five  days  before  the  transplant.  This  drug  has 
been  used  at  low  doses  in  an  oral  form  for  twenty-five  years 
in  multiple  myeloma.  The  intravenous  form  is  an 
investigational  drug  but  has  been  given  to  over  200  patients 
at  high  doses  prior  to  bone  marrow  transplant.  High-dose 
melphalan  is  associated  with  hair  loss,  nausea  and  vomiting, 
sores  in  the  mouth,  skin  rashes,  diarrhea,  and  low  blood 
counts. 

One  day  after  receiving  .the  melphalan,  you  will  begin 
radiation  treatments  to  .your  entire  body  (total  body 
irradiation  or  TBI).  Radiation  will  be  given  in  six  doses 
over  three  days.  This,  type  of  radiation  treatment  almost 
always  causes  nausea,  vomiting,  diarrhea,  mouth  sores  and 
fatigue.  Rarely  it  can  cause  serious  lung  damage,  cataracts 
(clouding  of  the  eyes),  sterility,  and  an  increased  risk  of 
another  type  of  cancer* later  in  life.. 

If  you  have  previously  received  extensive  radiation  treatments 
to  your  back,  lungs,  hips  or  pelvis  for  myeloma  bone  tumors, 
you  may  not  be  able  to  receive  the  total  body  irradiation 
because  of  the  high  risk  of  damage  to  your  internal  organs 
from  further  radiation  treatments.  In  that  case,  we  would  not 
give  you  the  total  body  irradiation  but  instead  would  give  you 
an  even  higher  dose  of  the  melphalan  by  itself.  It  is 
possible  that  your  risk  of  relapse  after  the  transplant  will 
be  higher  if  you  do  not  receive  the  total  body  irradiation. 

6)  Bone  Harrow  and  Peripheral  Blood  Stem  Cell  Reinfusion:  One 
day  after  completing  radiation  treatments,  you  will  receive 
your  stored  bone  marrow  and  peripheral  blood  stem  cells  back. 
The  frozen  cells  will  be  thawed  at  the  bedside  and  given  back 
to  you  through  an  intravenous  line.  The  side  effects  of  this 
infusion  include  an  unpleasant  garlic-like  taste  in  your 
mouth  due  to  a substance  called  DMSO  that  the  cells  were 
frozen  in.  Some  patients  also  experience  temporary  shortness 
of  breath  and  pain  or  coldness  at  the  intravenous  site.  Your 
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urine  will  turn  red  for  several  hours  after  the  infusion  due 
to  a red  dye  in  the  freezing  liquid.  You  may  develop  a fever 
the  evening  after  the  infusion.  Some  patients  can  develop 
allergic  reactions  to  the  reinfusion  of  cells,  with  symptoms 
including  shortness  of  breath,  hives,  fever,  and  kidney 
damage . 


7)  Post-Transplant  Care:  After  the  bone  marrow  and  peripheral 
blood  stem  cell  transplantation,  you  will  be  very  sick  for 
three  or  more  weeks  while  waiting  for  the  infused  cells  to 
migrate  to  the  bone  marrow  cavity  and  to  begin  to  produce 
blood  cells  again.  You  will  be  susceptible  to  infections  due 
to  a very  low  white  blood  cell  count.  Your  nurses  and  doctors 
will  take  many  precautions  to  try  and  protect  you  from 
developing  an  infection,  and  you  will  be  given  several 
medications  to  try  and  prevent  certain  types  of  infections 
that  are  known  to  be  common  in  bone  marrow  transplant 
patients.  You  will  be  in  a private  room,  and  adults  with  any 
symptoms  of  infection  or  any  children  under  12  will  be 
prevented  from  visiting  you.  If  you  develop  a fever,  you  will 
have  many  blood  and  X-ray  tests  done  to  look  for  an  infection, 
and  you  will  be  placed  on  one  or  more  very  strong  antibiotics. 
You  will  again  be  given  the  drug  G-CSF  beginning  one  day  after 
the  transplant  to  try  and  speed  up  the  recovery  of  your  white 
blood  cells,  but  this  treatment  can  not  prevent  the  period  of 
low  white  blood  cell  counts  altogether.  (See  #2)  above  for 
more  information  on  G-CSF).  - 

Despite  all  of  these  precautions  and  treatments,  it  is 
possible  that  you  will  develop  a very  serious  infection  that 
we  can  not  control  with  antibiotics.  This  is  the  most 
significant  risk  from  this  transplantation  procedure,  and 
there  is  a small  but  real  risk  that  you  could  die  from  this 
complication.  You  will  also  be  at  an  increased  risk  of 
bleeding  until  your  bone  marrow  recovers.  You  will  receive 
many  platelet  and  red  blood  cell  transfusions  for  at  least  3 
weeks  after  the  transplant. 

Other  side  effects  of  the  very  high-dose  chemotherapy  and 
radiation  include  a higher  risk  of  developing  other 
malignancies  later  in  your  life,  and  a serious  type  of  liver 
damage  called  veno-occlusive  disease  that  sometimes  occurs  in 
patients  after  bone  marrow  transplant.  You  will  also  probably 
not  be  able  to  eat  or  drink  for  several  weeks  after  the 
transplant  due  to  mouth  sores,  and  you  will  require 


PATIENT  IDENTIFICATION 


CONTINUATION  SHEET  for  either: 


i 


[76] 


NIH-2514-1  (10-84) 

Recombinant  DNA  Research,  Volume  16 


MEDICAL  RECORD 


CONTINUATION  SHEET  for  either: 

NIH  2514-1,  Consent  to  Participate  In  A Clinical  Research  Study 

NIH  2514-2,  Minor  Patient's  Assent  to  Participate  In  A Clinical  Research  Study 


°TUDY  NUMBER: 


CONTINUATION:  page  JL_ of  pages. 


intravenous  feeding  until  you  are  able  to  eat  normally. 

It  is  also  possible  that  the  bone  marrow  and  peripheral  blood 
stem  cells  will  not  grow  at  all  once  they  are  given  back  to 
you.  This  complication  is  rare,  less  that  5%  in  other  groups 
of  patients  with  multiple  myeloma  that  have  received  this  type 
of  treatment.  However,  if  it  does  occur  it  usually  results  in 
death.  You  will  be  getting  back  both  bone  marrow  and 
peripheral  blood  stem  cells,  which  reduces  but  does  not 
completely  eliminate  this  risk. 

8)  After  the  transplant,  it  will  be  necessary  to  draw  blood 
once  a day  or  even  more  frequently  until  marrow  recovery. 
Amounts  will  vary,  but  most  often  will  be  2-6  tablespoons  at 
a time.  Samples  of  blood  (up  to  4 tablespoons  at  a time)  will 
also  be  drawn  weekly  then  monthly  for  research  purposes  to  try 
and  learn  more  about  your  disease  and  the  transplant 
procedure.  With  your  consent,  you  may  also  be  asked  to 
undergo  pheresis  after  marrow  recovery  to  obtain  enough  cells 
for  research  studies. 

You  will  have  bone  marrow  samples  taken  from  your  hip  bone  at 
the  bedside  every  week  until  your  marrow  recovers,  and  then 
every  three  months  to  monitor  the  state  of  your  disease  and 
your  marrow  recovery. • 

You  may  also  receive  periodic  chest  X— rays  and  other  radiology 
tests  to  monitor  you  for  possible  infections. 

Once  your  bone  marrow  has  engrafted  (recovered  in  your  body), 
and  you  have  adequate  blood  values,  and  you  are  free  from 
infection,  you  will  be  discharged  from  the  hospital.  We 
expect  this  will  take  4-6  weeks  from  the  day  of 
transplantation.  You  will  be  followed  closely  in  the  out- 
patient clinic  up  until  at  least  60  days  post- transplant . We 
will  continue  to  draw  blood  twice  weekly  to  check  your  blood 
counts  and  some  body  function  tests  (such  as  liver  function) . 
After  day  +60  you  will  begin  monthly  evaluations  at  NIH  to  be 
continued  for  the  first  year  post-transplant.  These  visits 
will  include  blood  tests  and  a general  assessment  of  your 
condition.  A bone  marrow  biopsy  and  aspirate  (approximately 
30  ml  or  about  2 Tablespoons  of  marrow  withdrawn)  will  be  done 
every  three  months.  Larger  samples  of  blood  (50  ml.  or  3-4 
Tablespoons)  will  also  be  collected  every  three  months.  This 
will  allow  us  to  closely  monitor  your  health  status  and 
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determine  if  your  bone  marrow  continues  to  recover.  After  the 
first  year  you  will  be  followed  at  NIH  at  least  twice  a year 
for  five  years. 

9)  Interferon  Treatment:  Once  your  bone  marrow  has  recovered 
and  your  blood  counts  are  close  to  the  normal,  you  will  be 
started  on  a medicine  called  alpha-interferon  that  is  given  as 
an  injection  under  the  skin  3-7  times  a week.  This  medicine 
has  been  shown  to  prolong  remissions  in  myeloma  patients 
treated  with  standard  chemotherapy,  and  we  think  that  it  might 
help  prevent  relapse  after  bone  marrow  transplant.  However, 
this  is  an  experimental  use  for  this  medicine,  and  we  do  not 
know  if  it  will  prolong  your  survival  or  improve  your  chances 
of  a cure.  The  side  effects  of  alpha-interferon  include 
fevers,  muscle  aching,  fatigue,  and  low  blood  counts.  We  will 
continue  you  on  the  alpha-interferon  for  two  years  if  you 
remain  in  remission.  It  will  be  stopped  if  you  relapse  or  if 
* its  side  effects  are  not  tolerable. 


If  you  are  a woman  of  child-bearing  age  you  will  have  a 
pregnancy  test  and  if  you  are  pregnant  we  will  not  include  you 
in  this  study  because  to  do  so  might  be  harmful  to  your  unborn 
baby.  We  also  want  you  to  avoid  getting  pregnant  during  this 
study  and  expect  you  *to  use  an  effective  method  of  birth 
control.  If  you  should  become  pregnant  in  spite  of  taking 
precautions  piease  contact  the  primary  investigator  whose 
phone  number  is  listed  in  this  form  and  she  will  discuss  with 
you  the  choices  that  are  available  for  you  to  consider.  The 
radiation  and.  chemotherapy  treatments  given  as  a part  of  this 
protocol  are  very  likely  to  make  both  men  and  women  sterile  or 
at  a higher  risk  of  bearing  children  with  birth  defects. 

BENEFITS : Potential  benefits  of  this  treatment  plan  included 
prolonged  remission  from  your  multiple  myeloma.  It  is  not  yet 
known  whether  this  type  of  treatment  can  cure  your  disease. 
It  is  also  not  yet  known  if  this  type  of  treatment  will 
prolong  your  life.  This  treatment  is  a new  approach  that  has 
not  been  carried  out  in  enough  patients  to  be  sure  about  its 
effectiveness.lt  may  have  unpredictable  side  effects  that  we 
have  not  described  in  this  consent  form.  You  will  also  be 
aiding  medical  science  and  society  at  large  as  this  study  may 
greatly  further  the  understanding  of  the  best  method  to 
successfully  fight  and'  cure  cancer.  We  cannot,  however, 
guarantee  that  you  will  receive  any  of  these  benefits  and  at 


PATIENT  IDENTIFICATION 


[78] 


CONTINUATION  SHEET  for  either: 


NIH-2S14-1  MO-341 

Recombinant  DNA  Research,  Volume  16 


I 

I 

i 


! 


I 

j 


j 

i 


MEDICAL  RECORD 


CONTINUATION  SHEET  for  either: 

NIH  2514-1,  Consent  to  Participate  In  A Clinical  Research  Study 

NIH  2514-2,  Minor  Patient's  Assent  to  Participate  In  A Clinical  Research  Study 


STUDY  NUMBER: 


CONTINUATION:  page  JO.  of  12_  pages 


this  time  the  likelihood  of  these  benefits  is  difficult  to 
estimate  given  the  low  number  of  patients  treated  with  this 
type  of  therapy , and  the  long  duration  of  follow— up  necessary 
to  assess  cure. 


ALTERNATIVES:  Alternative  approaches  to  this  treatment  plan 
exist  for  multiple  myeloma,  including  no  therapy  or 
conventional  treatments  with  lower  doses  of  chemotherapy 
and/or  radiation.  With  no  therapy  or  conventional  therapy, 
your  tumor  would  be  expected  to  progress  at  some  time  in  the 
future. 


If  your  multiple  myeloma  relapses  or  does  not  respond 
completely  to  this  therapy,  you  are  free  to  try  other 
treatment  modalities  that  become  available,  either  at  this 
institution  or  at  others. 

If  you  die  before  receiving  your  bone  marrow  and  peripheral 
blood  stem  cells  back,  the  cells  will  become  the  porperty  of 
the  National  Institutes  of  Health  and  will  be  used  for 
research  purposes  to  try  and  learn  more  about  multiple 
myeloma.  Because  you  will  have  been  part  of  a research  study 
at  NIH,  if  you  die  at  any  time  during  or  after  the  study,  your 
family  or  a designated  power  of  attorney  will  be  contacted 
about  permission  to  dosa  post-mortem  examination.  This  consent 
form  does  not  imply  you  or  your  family's  consent  to  a post- 
mortem examination,  but  should  serve  as  a stimulus  for 
discussion  of  the  issue  between  you,  your  family  and  your 
doctors . 


You  are  free  to  withdraw  your  consent  to  participate  in  this 
study  at  any  time  and  to  continue  to  receive  care  from  the 
physician  of  your  choice.  However,  withdrawal  once  you  have 
received  the  high— dose  chemotherapy  and  radiation  but  before 
receiving  your  bone  marrow  and  peripheral  blood  stem  cells 
back  would  be  assoicated  with  a high  risk  of  death. 
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As  part  of  your  participation  in  this  study,  it  will  be  necessary  to  test  your  blood  for  the  presence  of 
antibodies  to  the  Human  Immunodeficiency  Virus  (HIV),  the  virus  that  causes  Acquired  Immune 
Tciency  Syndrome  (AIDS).  In  order  to  perform  the  test,  a small  amount  of  blood  (approximately  2 
teaspoons)  will  be  withdrawn  from  one  of  your  arms  with  a needle.  You  may  experience  some  slight 
discomfort  at  the  needle  entry  site  and  there  may  be  some  bruising.  In  addition,  there  is  a very  small 
risk  of  your  fainting  or  of  infection  at  the  needle  entry  site.  If  your  test  results  are  found  to  be 
positive,/>r  if  you  are  otherwise  diagnosed  as  having  AIDS,  you  should  be  aware  of  the  following 
Clinical  Center  HIV  Testing  Policy: 

1.  Your  physician  will  notify  you  promptly  of  the  HIV  test  results. 

2.  Your  physician  and/or  the  Clinical  Center  HIV  counselor  will  offer  you,  and  any  current  and/or 
ongoing  sexual  partners)  (spouses  are  generally  considered  to  be  current  or  ongoing  sexual 
partners)  or  needle-sharing  partners)  you  identify,  information  on  the  meaning  of  the  test 
results  and  how  to  prevent  the  spread  of  the  infection. 

3.  Because  the  virus  may  be  transmitted  in  several  ways,  it  is  important  that  you  inform  sexual 
and/or  needle-sharing  partners)  that  any,  or  all,  of  them  may  have  been  exposed  to  the  HIV 
virus  and  encourage  them  to  be  tested.  If  you  request  it,  staff  at  the  Clinical  Center  will  assist 
you  in  notifying  your  partners)  and  arrange  counseling  for  them  through  an  HIV  counselor. 

4.  The  results  of  your  HIV  test  and/or  documentation  of  the  diagnosis  of  AIDS  will  become  a 
part  of  your  Clinical  Center  medical  record  and,  as  such,  will  be  protected  from  unauthorized 
disclosure  by  the  Federal  Privacy  Act  of  1974.  In  general,  access  to  your  medical  record  will 
be  restricted  to  those  health  care  professionals  directly  involved  in  your  care  or  in  the 
conduct  of  ongoing  biomedical  research,  and  information  is  not  usually  released  to  other  third 
parties  without  your  permission  or  that  of  your  designated  representative.  However,  there  are 
some  particular  routine  uses  of  such  information  of  which  you  should  be  aware. 

a.  If  you  are  unwilling  or  unable  to  notify  your  partners),  the  Clinical  Center  is  responsible  for 
attempting  to  contact  and  inform  them  of  their  possible  exposure  to  the  virus.  Reasonable 
attempts  will  be  made  to  protect  your  identity  including  withholding  your  name  when 
notifying  any  partners)  of  their  possible  exposure.  Some  notification  or  counseling  of 
current  and/or  ongoing  partners  may  be  carried  out  through  arrangements  with,  or  referral 
to,  local  public  health  agencies. 

b.  A summary  of  your  care  at  the  Clinical  Center  will  be  sent  to  the  physician  who  referred 
you  here  for  treatment. 

c.  The  Clinical  Center  may  report  certain  communicable  diseases,  including  AIDS,  to 
appropriate  State  and  Federal  government  agencies. 

If  you  have  any  questions  regarding  the  HIV  testing  or  the  information  provided  above,  you  are 
encouraged  to  discuss  them  with  your  physician  and/or  a Clinical  Center  HIV  counselor  (496-8955). 
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OTHER  PERTINENT  INFORMATION 

1.  Confidentiality.  When  results  of  a study  such  as  this  are  reported  in  medical  ionm^ 
or  at  meetings,  the  identification  of  those  taking  part  is  withheld.  Medical  record  nf 
Clinical  Center  patients  are  maintained  according  to  current  legal  requirements  and  °r 
made  available  for  review,  as  required  by  the  Food  and  Drug  Administration  or  other  ^ 
authorized  users,  only  under  the  guidelines  established  by  the  Federal  Privacy  Act 

I 

2.  Policy  Regarding  Research-Related  Injuries.  The  Clinical  Center  will  provide  short-term 
medical  care  for  any  physical  injury  resulting  from  your  participation  in  research  here 
Neither  the  Clinical  Center  nor  the  Federal  government  will  provide  long-term  medical 
care  or  financial  compensation  for  such  injuries,  except  as  may  be  provided  through 

j whatever  remedies  are  normally  available  under  law. 

3.  Payments.  You  will  not  be  paid  for  taking  part  in  this  study.  The  Clinical  Center 
does  not  charge  for  medications,  doctors*  care  or  hospitalization.  Exceptions  for 
Normal  Volunteers  are  guided  by  Clinical  Center  and  Normal  Volunteer  Office  policies. 

4*  Problems  or  Questions.  Should  any  problem  or  question  arise  with  regard  to  this 
study,  with  regard  to  your  rights  as  a participant  in  clinical  research,  or  with 
regard  to  any  research-related  inj'uiy,  you  should  contact  the  principal  investigator, 

Cynthia  E.  Dunbar/  M.D. , or  these  other  staff  members  also  involved  in  this 

Study,  Arthur  W.  Nienhuis,  M.D.,  Donna  Viriina,  R.N. ' ; 

Building  10  , Room  7C103  I Te  1 ephone:  ( 301 ) 496^so^3  ~ 

National  Institutes  of  Health 

Bethesda,  Maryland  20205 


COMPLETE  APPR0PRIA1 

E ITEM  BELOW.  A or  B: 

..  Adult  Patient's  Consent. 

B.  Parent's  Permission  for  Minor  Patient. 

I have  read  the  explanation  about  this 
study  and  have  been  given  the  opportunity 
to  discuss  it  and  to  ask  questions.  I 
hereby  consent  to  take  part  in  this 
study. 

I have  read  the  explanation  about  this 
study  and  have  been  given  the  opportunity 
to  discuss  it  and  to  ask  questions.  I 
hereby  give  permission  for  my  child  to 
take  part  in  this  study. 

(Attach  NIH  2514-2,  Minor's  Assent,  if 
appl icable. ) 

v^S.ignature  of  Adult  Patient  & Date  Signed 

Signature  of  Parent(s)  & Date  Signed 

(if  other  than  parent,  specify  relationship) 

Signature  of  Investigator  & Oate  Signed 


Signature  of  Witness  & Date  Signed 
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INSTITUTE:  NATIONAL  HEART.  LUNG  AND  BLOOD  INSTITUTE 

STUDY  NUMBER: PRINCIPAL  INVESTIGATOR:  Cvnthia  Dunbar.  M.D. 

STUDY  TITLE:  Informed  Consent  for  Retroviral-Mediated  Gene  Transfer  of  Bone  Marrow 
and  Peripheral  Blood  Stem  Cells  During  Autologous  Bone  Marrow  Transplantation  for  Multiple 
Myeloma 


INTRODUCTION 

We  invite  you  to  take  part  in  a research  study  at  the  National  Institutes  of  Health.  It  is 
important  that  you  read  and  understand  several  general  principles  that  apply  to  all  that  take  part 
in  our  studies:  (a)  taking  part  in  the  study  is  entirely  voluntary;  (b)  personal  benefit  will  not 
result  from  taking  part  in  this  study,  but  knowledge  may  be  gained  that  will  benefit  others;  (c) 
you  may  withdraw  from  the  study  at  any  time  without  penalty  or  loss  of  any  benefits  to  which 
you  are  otherwise  entitled.  The  nature  of  the  study,  the  risks,  inconveniences,  discomforts,  and 
other  pertinent  information  about  the  study  are  discussed  below.  You  are  urged  to  discuss  any 
questions  you  may  have  about  this  study  with  the  staff  members  who  explain  it  to  you. 


NATURE  OF  STUDY 


Autologous  bone  marrow  transplantation  is  a treatment  with  potential  benefit  for  patients 
with  multiple  myeloma.  Autologous  bone  marrow  transplantation  and  its  risks  have  been 
explained  to  you  in  a separate  Informed  Consent  document  and  you  have  agreed  to  be  enrolled  in 
our  transplantation  protocol.  You  are  now  also  being  asked  to  take  part  in  a research  study  of 
"retroviral-mediated  gene  transfer"  of  bone  marrow  cells  and  peripheral  blood  stem  cells  used 
during  autologous  bone  marrow  transplantation.  The  intent  of  this  protocol  is  to  treat  you  with 
high  dose  chemotherapy  and  to  then  give  back  the  bone  marrow  and  circulating  blood  cells  that 
have  been  removed  from  you.  Part  of  the  bone  marrow  and  circulating  cells  will  have  been 
“marked”  with  a special  gene  as  described  below.  The  goal  of  the  study  is  to  determine  whether 
it  is  possible  to  put  a new  gene  into  bone  marrow  or  circulating  blood  cells  that  will  stay  in  your 
body  for  several  months  or  more.  It  is  not  yet  known  whether  it  is  possible  to  successfully  place 
new  genes  into  patients’  bone  marrow  or  circulating  blood  cells  and  to  have  the  genes  stay  in 
these  cells  over  several  months  to  years.  If  this  could  be  accomplished,  it  would  represent  an 
important  potential  advance  in  the  treatment  of  many  diseases.  We  may  also  learn  important 
information  that  could  improve  the  safety  and  usefulness  of  autologous  transplantation  in 
multiple  myeloma. 

You  are  being  asked  to  take  part  in  a research  study  that  will  try  and  accomplish  the 

R 

placement  of  a bacterial  gene  called  neo^  into  your  bone  marrow  and  circulating  blood  cells.  An 
important  part  of  the  study  involves  testing  bone  marrow  and  circulating  blood  cells  periodically 

to  see  whether  the  neo^  gene  is  in  these  cells  and  how  long  the  gene  stays  in  the  cells.  The  new 
technology  to  be  used  in  this  research  study  is  called  "retroviral-mediated  gene  transfer".  It  will 

be  used  to  put  a (neo^)  gene  into  some  of  your  bone  marrow  cells  and  peripheral  blood  stem 
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cells  prior  to  transplantation.  The  neocene  will  be  inserted  into  some  cells  obtained  from  your 
bone  marrow  as  well  as  some  cells  obtained  from  your  blood  stream  (peripheral  blood  stem 
cells). 

It  is  important  to  understand  that  the  introduction  of  this  gene  will  not  benefit  you  in  any 
way.  It  is  possible  that  this  study  may  lead  to  improved  bone  marrow  transplantation  therapies 
for  others  in  the  future.  The  purpose  of  the  study  is  to  assess  the  safety  of  tins  procedure  and  to 

determine  if  "retroviral-mediated  gene  transfer"  will  enable  the  successful  transfer  of  the  neop^ 
gene  to  patients'  bone  marrow  and  circulating  blood  cells. 


Evaluation  and  Procedures 

If  you  decide  to  participate  in  this  study,  special  laboratory  techniques  will  be  used  to  insert 

D 

the  neo^-  gene  into  a portion  of  your  bone  marrow  and  circulating  blood  stem  cells  after  they  are 
harvested.  These  treated  bone  marrow  and  circulating  cells  are  referred  to  as  "marked"  blood 
cells.  A gene  is  part  of  a chromosome  (hereditary  material)  that  contains  the  information  a cell 
needs  to  make  proteins.  By  inserting  a gene  into  your  bone  marrow  and  blood  cells,  we  will  be 
able  to  distinguish  these  marked  cells  from  all  other  cells  in  your  body. 

D 

The  following  procedure  will  be  used  to  msert  the  neo^  gene  into  your  bone  marrow  and 
blood  cells.  Bone  marrow  cells  will  be  obtained  by  a bone  marrow  harvest  in  the  operating  room 
using  the  regular  procedure  for  harvest.  This  has  been  described  to  you  in  a separate  consent 
document  for  autologous  transplantation.  We  will  not  need  to  obtain  any  more  bone  marrow 
than  is  normally  taken  during  bone  marrow  harvest  Therefore,  there  will  be  no  additional 
needle  aspirations  or  additional  anesthesia  time.  Your  circulating  cells  will  be  obtained  by 
removing  some  blood  through  a vein,  separating  the  immature  blood  cells  of  interest,  and 
returning  the  remaining  blood  to  you  through  a vein.  This  process  is  called  apheresis  and  has 
also  been  explained  to  you.  The  major  portion  of  the  marrow  and  blood  cells  harvested  will  be 
handled  in  the  usual  fashion  and  will  not  be  treated  by  retroviral-mediated  gene  transfer.  A 
portion  of  the  marrow  and  blood  cells  (no  more  than  30%)  will  undergo  retroviral-mediated  gene 
transfer.  In  this  30%  portion,  the  cells  to  undergo  the  gene  transfer  will  be  separated  from  the 
other  bone  marrow  and  blood  cells  by  attaching  a special  antibody  to  them  and  then  physically 
removing  only  the  cells  that  can  pick-up  the  antibody.  This  procedure  is  called 
“immunoadsorption”  and  it  allows  us  to  separate  the  more  immature  stem  cells  out  of  your  bone 
marrow  and  blood  cells.  These  immature  cells  are  the  ones  used  for  the  gene  transfer.  The 
physical  separation  of  the  immature  cells  attached  to  the  special  antibody  is  done  by  a laboratory 
machine  called  an  immunoadsorption  column.  The  column  to  be  used  in  this  protocol  is 
experimental  and  has  been  approved  by  the  FDA  for  use  in  transplantation  studies  such  as  this. 
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Once  the  immature  blood  cells  are  separated  and  the  antibody  removed  from  them,  they  are 
mixed  together  in  the  laboratory  with  three  substances  called  growth  factors  which  help  the 

blood  cells  divide.  Also  mixed  with  the  blood  cells  is  the  retroviral  vector  that  carries  the  neo^- 
gene  into  the  blood  cells.  The  vector  is  an  organism  that  carries  material  from  one  cell  to 
another.  Retroviral  vectors  are  prepared  from  a disabled  type  of  mouse  virus  that  does  not  have 

the  ability  to  reproduce.  The  vector  enters  the  blood  cells  and  puts  the  neo^  gene  into  the  cells’ 

genetic  material  (chromosomes).  Once  in  the  chromosomes,  the  neo^  gene  will  survive  as  long 

D 

as  the  cells  survives.  The  neo^  gene  serves  no  function  in  the  blood  cells,  but  rather  “marks” 
them  so  we  can  identify  them.  The  blood  cells,  vector  and  three  growth  factors  are  put  together 
in  a mixture  called  a culture  for  3 days.  After  this,  the  cells  are  removed  from  the  culture  and 
“washed”  to  remove  any  extra  virus  or  growth  factor  attached  to  them.  The  “marked”  cells  are 
then  frozen  and  are  returned  to  you  at  the  time  of  transplantation  along  with  the  bone  marrow 
and  blood  cells  that  have  not  been  exposed  to  the  vector.  Two  slightly  different  viruses  will  be 

D 

used  to  transfer  the  neof^  gene  to  your  bone  marrow  and  circulating  blood  cells.  You  will 
receive  enough  of  your  normal,  unchanged  bone  marrow  and  circulating  blood  cells  to  produce 
blood  count  recovery  in  the  expected  time  period  after  high  dose  chemotherapy. 

The  standard  blood  drawings  and  tests  that  are  required  following  bone  marrow 
transplantation  will  be  performed.  These  have  been  explained  to  you  in  the  separate  consent 
document.  During  your  hospitalization  and  after  you  are  discharged,  blood  samples  will  also  be 

drawn  to  study  your  blood  counts  and  to  determine  whether  the  neo—  gene  is  present  in  the  blood 
cells.  Approximately  two  extra  teaspoons  of  blood  will  be  drawn  once  a week  for  these  research 
studies.  Bone  marrow  aspirations  will  be  obtained  weekly  after  your  bone  marrow  is  given  back 

to  you  to  test  for  the  presence  of  the  neo^-  gene.  You  will  be  given  local  anesthesia  for  these 
bone  marrow  aspirations.  The  side  effects  of  the  biopsies  include  pain,  bleeding  and  infection. 
These  bone  marrow  aspirations  are  scheduled  as  part  of  the  original  transplantation  protocol  to 
keep  track  of  your  bone  marrow  recovery.  No  extra  bone  marrow  aspirations  will  be  done 
because  of  the  gene  marking  protocol,  but  an  extra  1 teaspoon  of  marrow  will  be  taken  during  the 

exam  to  test  for  the  neo^-  gene.  You  will  return  monthly  to  NIH  for  evaluation  after  you  are 
discharged  from  the  hospital.  Four  teaspoons  of  blood  will  be  drawn  from  you  each  month  and  a 
bone  marrow  aspirations  will  be  obtained  every  three  months  to  determine  whether  your  bone 

marrow  cells  contain  the  neo^  gene.  We  request  that  you  return  periodically  to  the  NIH  for  the 
rest  of  your  life  so  that  we  may  follow  you  for  any  side  effects  that  may  occur. 
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Should  you  die,  for  any  cause,  we  will  request  that  an  autopsy  be  performed  to  study  whether  the 
neor"  gene  is  present  in  your  body. 

If  your  myeloma  relapses  or  is  found  in  a new  part  of  your  body  after  bone  marrow 
transplant,  a bone  marrow  aspiration  and  biopsy  will  be  obtained  under  local  anesthesia  to  look 

D 

for  the  presence  of  the  neo^  gene  in  the  tumor  cells  as  well  as  to  assess  the  extent  of  your 
disease. 

RISKS  AND  TOXICITIES 

R 

No  side  effects  from  the  neo^  marker  genes  and  the  transporter  viruses  to  be  used  in  this 
study  have  been  seen  in  animal  studies  or  in  the  very  limited  human  studies  on  gene  transfer 
which  began  in  May,  1989.  However,  since  this  is  a very  new  procedure,  the  risks  may  not  be 
known.  There  are  some  theoretical  risks  to  this  procedure.  First,  even  though  the  viruses  used  to 
insert  the  gene  into  your  bone  marrow  and  blood  cells  cannot  grow  and  are  considered  harmless, 
it  is  possible  that  events  could  occur  within  the  cells  that  allow  the  viruses  to  grow  or  cause  the 
cell  to  become  cancerous.  It  is  also  theoretically  possible  that  you  could  become  infected  with 
the  virus.  Since  this  has  never  happened,  the  consequences  of  such  an  infection  are  unknown. 
Also,  the  inserted  gene  produces  a substance  that  inactivates  the  antibiotics  neomycin  and 
amikacin.  These  antibiotics  are  rarely  routinely  used  during  bone  marrow  transplantation  or 
other  medical  care.  The  antibiotics  routinely  used  are  not  inactivated,  and  these  will  be  given  to 
you  to  treat  any  bacterial  infections  that  might  occur. 

It  is  possible  that  multiple  myeloma  cells  that  may  be  present  in  your  bone  marrow  or  blood 

stream  may  also  be  infected  with  the  neo^  gene.  We  will  study  this  if  your  myeloma  relapses. 

We  do  not  believe  you  would  be  harmed  should  a multiple  myeloma  cell  receive  this  neo^-  gene: 

D 

however,  little  information  exists  about  this.  It  is  possible  that  the  neo^  gene  could  alter  the 
multiple  myeloma  cell  making  it  more  or  less  malignant.  It  is  also  possible  that  the  growth 
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factors  used  to  put  the  neo^gene  into  the  bone  marrow  and  blood  cells  could  cause  any 
myeloma  cells  to  grow.  We  believe  that  these  possibilities  are  unlikely  to  cause  you  any  harm  if 
they  did  happen,  but  we  can’t  be  sure.  There  is  also  a small  possibility  that  you  could  have  an 

allergic  reaction  to  the  “marked”  cells  with  the  neo^  gene  due  to  residual  antibody  that  could  be 
attached  from  the  immunoadsorption  column  or  residual  growth  factors  that  could  be  attached 
from  the  culture.  We  think  it  is  unlikely  that  any  small  amount  of  antibody  or  growth  factor 
attached  to  the  cells  would  cause  you  any  harm,  including  an  allergic  reaction,  but  it  is 
theoretically  possible.  Should  an  allergic  reaction  occur,  the  physician  present  while  you  are 
receiving  the  cells  will  treat  you  for  the  reaction. 
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Participation  in  this  study  is  entirely  voluntary.  You  may  choose  to  participate  or  may 
withdraw  from  the  gene  transfer  study  at  any  time  up  to  the  time  of  infusion  of  the  bone  marrow 
and  circulating  blood  cells.  Enough  bone  marrow  and  peripheral  blood  cells  have  been  harvested 
to  be  able  to  proceed  with  the  transplantation  even  without  the  cells  that  are  treated  with  the 

neo^  gene.  If  you  withdraw  your  consent,  the  gene-marked  cells  will  not  be  infused.  In  the 
event  that  you  do  withdraw  your  consent  after  harvest,  but  do  go  ahead  with  transplantation,  the 
course  of  your  disease  will  be  followed  on  a regular  basis  at  the  NIH.  You  are  encouraged  to'ask 
any  questions  that  you  may  have  and  to  take  as  much  time  as  you  need  to  make  your  decision. 

The  costs  of  hospitalization,  treatment,  and  laboratory  procedures  related  to  the  bone  marrow 
transplantation  that  are  provided  at  NIH  are  paid  for  by  NIH.  It  is  important  to  understand  that 
NIH  cannot  pay  for  tests  or  medical  care  you  receive  outside  of  NIH. 
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OTHER  PERTINENT  INFORMATION 


Confidentiality.  When  results  of  a study  as  this  are  reported  in  medical  journals  or  at  meetings,  the  identification  of 
those  taking  part  is  withheld.  Medical  records  of  Clinical  Center  patients  are  maintained  according  to  current  legal 
requirements,  and  are  made  available  for  review,  as  required  by  the  Food  and  Drug  Administration  or  other 
authorized  users,  only  under  the  guidelines  established  by  the  Federal  Privacy  Act 

Policy  Regarding  Research-Related  Injuries.  The  Clinical  Center  will  provide  short-term  medical  care  for  any 
physical  injury  resulting  from  your  participating  in  research  here.  Neither  the  Clinical  Center  nor  the  Federal 
government  will  provide  long-term  medical  care  or  financial  compensation  for  such  injuries,  except  as  may  be 
provided  through  whatever  remedies  are  normally  available  under  law. 

Payments.  If  you  are  a patient,  you  are  not  paid  for  taking  part  in  NIH  studies.  Exceptions  for  volunteers  will  be 
guided  by  Clinical  Center  policies. 


Problems  or  Questions.  Should  any  problem  or  question  arise  with  regard  to  this  study,  with  regard  to  your  rights 
as  a participant  in  clinical  research,  or  with  regard  to  any  research-related  injury,  you  should  contact  the  principal 
investigator , or  these  other  staff  members  also  involved  in  this  study: 


Building  . Room 

TeleDhone  (301) 

National  Institutes  of  Health;  Bethesda,  Maryland  20892 

Consent  Document.  It  is  suggested  that  you  retain  a copy  of  this-document  for  your  later  reference  and  personal 
records. 

COMPLETE  APPROPRIATE  ITEM  BELOW,  A OR  B: 

A.  Adult  Patient's  Consent 
1 have  read  the  explanation  about  this 
study  and  have  been  given  the 
opportunity  to  discuss  it  and  to 
ask  questions.  1 hereby  consent 
to  take  part  in  this  study. 

B.  Parent's  Permission  for  Minor  Patient 
1 have  read  the  explanation  about  this  study  and  have 
been  given  the  opportunity  to  discuss  it  and  to  ask 
questions.  1 hereby  give  permission  for  my  child  to 
take  part  in  this  study.  (Attach  NIH  2514-2,  Minor's 
Assent,  if  applicable). 

Signature  and  Date  Signed 

Signature  of  Parent  and  Date  Signed 

Relationship  if  other  than  Parent 

Signature  of  Witness  & Date 

Signature  of  Witness  and  Date 

PATIENT  IDENTIFICATION 


CONSENT  TO  PARTICIPATE  IN  A CLINICAL 
RESEARCH  STUDY 


• Adult  Patient  or  ‘Parent,  for  Minor  Patient 


Recombinant  DNA  Research,  Volume  16 


[87] 


Protocol  Numbers; 
NCI.T92-0018 
Medicine  Branch  #:MB294 
Clinical  Center  #: 

IND's; 

LNL6  Vector:  #3042 
G-CSF:  #BB2704 


Pilot  Study  of  High  Dose  ICE  (Ifosfamide,  Carboplatin, 
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Cells 


Principal  Investigator: 
Study  Chairman: 
Associate  Investigators: 


Joyce  A.  O'Shaughnessy,  M.D.,  MB,  NCI 
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George  Bryant,  R.N.,  MB,  NCI 
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Pilot  Study  of  High  Dose  ICE  (Ifosfamide,  Carboplatin, 
Etoposide)  Chemotherapy  and  Autologous  Bone  Marrow 
Transplant  (ABMT)  with  neo  - Transduced  Bone  Marrow  Stem 

Cells 

1 . Objectives 

1.1  To  study  the  feasibility  of  obtaining  bone  marrow  engraftment 
post-high  dose  chemotherapy  with  retrovirally-transduced 
hematopoietic  stem  cells  bearing  the  neomycin  resistance 
marker  gene. 

1.2  To  study  the  trafficking  and  survival  times  of  reinfused  neo- 
transduced  bone  marrow  cells  in  the  peripheral  blood  and  bone 
marrow  during  marrow  engraftment  following  high  dose 
chemotherapy. 

1.3  To  study  the  effects  of  chemotherapy  on  the  neo-transduced 
stem  cells  and  progeny  following  bone  marrow  engraftment. 

1.4  To  study  the  effects  of  hematopoietic  growth  factor 
administration  on  the  neo-transduced  bone  marrow  and 
peripheral  blood  cells. 

2.  Background 

Autologous  Bone  Marrow  Transplantation  in  Metastatic  Breast 
Cancer 

Stage  IV  breast  cancer  is  currently  incurable.  The  median  survival 
for  patients  with  metastatic  disease  is  18  - 24  months.  Both 
hormonal  and  chemotherapy  are  considered  palliative  and  have  not 
been  definitively  shown  to  improve  either  disease-free  (DFS)  or 
overall  survival  (OS). 

Autologous  Bone  Marrow  Transplantation  (ABMT)  following  high  dose 
chemotherapy  has  been  the  subject  of  intense  investigation  as  a 
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treatment  for  metastatic  breast  cancer.  The  rationale  for  this 
approach  comes  from  the  observation  that  many  chemotherapy  drugs, 
particularly  alkylating  agents,  have  steep  tumoricide  dose-response 
curves.  In  some  instances  the  response  curves  are  so  steep  that 
doubling  drug  doses  may  increase  cell  kill  by  as  much  as  10-fold  (1). 
With  the  use  of  autologous  bone  marrow  rescue,  it  has  been  possible 
to  increase  drug  doses  by  4 to  10-fold  over  standard  doses.  Several 
observations  suggest  that  this  strategy  may  provide  a therapeutic 
benefit  over  conventional  chemotherapy.  First,  an  analysis  of  the 
relationship  between  dose-intensity  of  adjuvant  chemotherapy  in 
breast  cancer  and  disease  free  survival,  performed  by  Hryniuk  and 
Levine,  suggests  that  DFS  can  be  improved  through  the  use  of  more 
dose-intensive  regimens  (2).  Similar  analyses  carried  out  by 
DeVita,  et  al.  and  Kwak,  et  al.  for  the  treatment  of  diffuse 
aggressive  lymphomas  reached  similar  conclusions  (3,4).  Second, 
studies  of  high-dose  chemotherapy  with  ABMT  in  metastatic  breast 
cancer,  testicular  carcinoma,  Hodgkin's  and  non-Hodgkin's 
lymphomas  and  leukemias  demonstrate  that  the  CR  and  PR  rate  is 
significantly  increased  over  that  achieved  with  conventional  dose 
chemotherapy  (5-8). 

Studies  of  high  dose  chemotherapy  and  ABMT  following  3-4  cycles  of 
induction  therapy  in  chemotherapy  responsive  breast  cancer  have 
shown  very  high  complete  response  rates  of  50%.  While  the  median 
time  to  treatment  failure  and  median  survival  appears  to  be  no 
better  than  that  achieved  with  conventional  chemotherapy,  three 
trials  have  reported  that  15  - 20%  of  all  patients  undergoing  ABMT 
are  alive  and  disease-free  at  3 years  (9-11).  This  compares 
favorably  with  the  results  of  conventional  chemotherapy  where 
fewer  than  10%  of  patients  are  generally  disease-free  at  3 years 
(12,13).  Prospective  randomized  studies  are  currently  underway  to 
determine  whether  high  dose  chemotherapy  and  ABMT  offer  any 
definitive  advantages  over  dose-intensive  chemotherapy  alone. 
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ICE  Chemotherapy  and  ABMT  in  Metastatic  Breast  Cancer 


Over  the  past  year  at  NCI,  we  have  completed  a Phase  I study  of  a 
new  combination  of  high  dose  ifosfamide,  CBDCA  and  etoposide  (ICE) 
with  ABMT  support  in  relapsed  lymphomas,  breast  and  germ  cell 
cancers.  The  goal  of  this  study  was  to  develop  a well-tolerated  and 
effective  regimen  through  the  selection  of  better  tolerated 
alkylators  which  have  steep  dose  response  curves  as  well  as  by 
taking  advantage  of  the  potential  synergy  between  etoposide,  and 
ifosfamide  and  CBDCA.  In  our  Phase  I study  the  MTD  of  ICE  was 
found  to  be  ifosfamide  16  g/M2,  CBDCA  1.8  g/M2  and  etoposide  1.5 
g/M2  because  of  neurological  and  renal  toxicity.  In  ICE,  the  dose  of 
CBDCA  is  2.7-fold  higher  than  the  comparably  toxic  dose  of  cisplatin 
used  in  other  ABMT  regimens  (14). 

Thirty-four  patients  have  undergone  transplant  over  11  dose  levels 
of  ICE,  with  9 patients  transplanted  at  the  MTD.  There  have  been  4 
peri-transplant  deaths,  with  3 due  to  chemotherapy  toxicity;  2/2  at 
dose  level  10  and  1/1  at  level  11:  3/3  had  grade  2 hepatic  toxicity, 
3/3  had  grade  3 renal  toxicity,  and  2/3  had  grade  3 CNS  toxicity  at 
these  dose  levels  (levels  10  and  11).  Thus,  the  dose  limiting 
toxicity  of  ICE  is  renal,  hepatic  and  neurologic  toxicity.  Maximum 
toxicities  at  the  MTD  (dose  level  9)  were:  2/6  patients  had  grade  2 
renal  toxicity,  6/6  patients  had  grade  1 hepatic  toxicity,  4/6 
patients  had  grade  2 diarrhea  and  5/6  patients  had  grade  2 
stomatitis.  An  encouraging  response  rate  was  achieved  in  the  ICE 
Phase  I study:  8 of  13  non-Hodgkins's  lymphoma  patients  surviving 
BMT  are  in  CCR  with  a median  follow-up  of  10  months;  4 of  5 
Hodgkin’s  patients  are  in  CCR  with  a median  follow-up  of  5 months; 

6 of  8 breast  cancer  patients  achieved  CR/PR;  and  4 of  4 testicular 
patients  achieved  CR/PR.  This  75%  response  rate  compares 
favorably  to  the  response  rates  reported  in  other  ABMT  trials  (9-11). 
To  date,  it  appears  that  the  response  rates  and  survival  obtained 
with  the  high  dose  triple  alkylator  regimens,  including  cytoxan, 
etoposide,  cisplatin,  a regimen  very  similar  to  ICE,  are 
approximately  equivalent  (9-11). 
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It  has  been  demonstrated  in  several  trials  that  G-CSF  and  GM-CSF 
accelerate  neutrophil  recovery  in  patients  following  ABMT  (16-21). 
The  median  number  of  days  of  absolute  neutropenia  (ANC  < 500/jil) 
with  ICE  at  the  MTD  in  the  Phase  I ABMT  study  was  17  and  we  will 
attempt  to  shorten  this  with  the  addition  of  G-CSF. 

Mechanism  of  Marrow  Reconstitution  after  High  Dose  Chemotherapy 
and  ABMT 

It  is  not  currently  known  whether  it  is  feasible  to  achieve  bone 
marrow  engraftment  after  supra-lethal  doses  of  chemotherapy  with 
genetically-altered  bone  marrow  stem  cells.  If  such  a goal  was 
achievable,  this  approach  would  offer  therapeutic  potential  for  a 
number  of  diseases.  Critical  questions  concerning  the  ability  to 
transduce  hematopoietic  stem  cells  with  marker  genes  and  the 
ability  to  achieve  long-term  gene  expression  are  discussed  below. 
However,  another  important  question  is  whether  it  is  ever  possible 
in  the  autologous  bone  marrow  transplant  setting  to  achieve  long 
term  marrow  reconstitution  from  reinfused  hematopoietic  stem 
cells.  In  the  murine  system,  a population  of  cells  has  been 
functionally  identified  by  its  capacity  to  provide  short-term 
repopulation  or  radioprotection.  Another  population  of  cells 
provides  long-term  engraftment  as  assayed  at  4-6  months  (22,  23, 
39).  The  source  of  these  long-term  repopulating  stem  cells,  whether 
reinfused  or  endogenous,  is  unknown. 

There  are  no  methods  currently  available  to  definitively  determine 
the  source  of  the  stem  cells  responsible  for  short  or  long-term 
marrow  reconstitution  after  high  dose  chemotherapy.  The  use  of 
retroviral  vectors  to  transduce  stem  cells  with  the  neo  marker  gene 
provides  such  an  opportunity.  We  will  transduce  CD34+  enriched 
bone  marrow  stem  cells  and  progenitor  cells  with  a retroviral 
vector  containing  the  bacterial  neomycin  resistance  gene.  These 
ceils  will  be  reinfused  into  patients  along  with  non-transduced  bone 
marrow  mononuclear  cells  following  high  dose  ICE  chemotherapy  and 
their  trafficking  patterns  in  the  peripheral  blood  and  bone  marrow 
studied  by  PCR  analysis.  We  will  transduce  the  subpopulation  of 
CD34+  cells  with  the  neo  gene  because  the  pluripotent  stem  cells 
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responsible  for  short-term  and  probably  long-term  marrow  recovery 
are  believed  to  express  the  CD34  antigen.  It  has  been  demonstrated 
that  the  CE34+  subpopulation  is  capable  of  producing  marrow 
recovery  post-ABMT  (24,  25,  15).  We  will  study  whether  the  neo- 
transduced  CD34+  stem  cells  and  their  progeny  can  be  found  in 
recovering  and  steady  state  marrow  post-ABMT  and  whether 
administering  chemotherapy  with  and  without  G-CSF  increases  the 
number  of  these  cells. 

We  are  interested  in  administering  chemotherapy  to  patients  with 
residual  or  relapsed  disease  post-ABMT  to  study  whether  a 
chemotherapy-induced  nadir  will  increase  the  number  of  cycling 
stem  cells  and  progenitors  bearing  the  neo  gene.  Similarly,  we  will 
study  whether  the  addition  of  G-CSF  increases  the  number  of  neo- 
bearing  BM  or  circulating  cells  in  the  post-nadir  recovery  period.  In 
the  future  we  plan  to  conduct  ABMT/gene  transfer  studies  infecting 
BM  cells  with  the  mdr  1 -transduced  BM  cells  increases  the  number 
of  circulating  leukocytes  bearing  the  mdr  1 gene  (38).  In  this  study 
we  will  offer  relapsed  patients  treatment  with  vinblastine,  with 
and  without  G-CSF,  to  determine  whether  the  stem  cell  and 
progenitor  cycling  caused  by  the  nadir  increases  the  number  of  neo- 
transduced  cells.  This  information  will  also  serve  as  control  data 
for  our  future  mdr  1 transfer  study.  Vinblastine  is  reasonable 
salvage  therapy  for  metastatic  breast  cancer.  It  is  well-tolerated 
and  is  associated  with  a 20%  response  rate  (50).  Few  metastatic 
breast  cancer  salvage  regimens  have  higher  response  rates  without 
also  causing  severe  myelosuppression. 

Me.chanisni.Ql  Breast.  Cancer.. Relapse  FpllQwinaJJiqh.D.Q5s 

Chemotherapy  and  ABMT 

Hematopoietic  stem  cell  harvests  from  bone  marrow  peripheral 
blood  may  contact  occult  tumor  cells.  Histologically  normal  bone 
marrow  aspirates  or  harvests  of  breast  cancer  patients  have  been 
found  to  contain  occult  metastatic  tumor  cells  in  up  to  30%  of 
patients  in  some  series  (26,  27,  28).  The  importance  of  occult  bone 
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marrow  involvement  by  breast  cancer  ABMT  is  unknown.  Two 
studies  have  suggested  that  the  rate  of  relapse  for  patients  with 
early  stage  (Stages  I,  II)  or  locally  advanced  breast  cancer  (Stage 
III)  was  higher  for  patients  with  occult  metastases  (demonstrated 
by  immunohistochemistry)  versus  those  without  occult  metastases 
(29,  30).  Several  methods  of  bone  marrow  purging  have  been  shown 
to  reduce  the  burden  of  metastatic  breast  cancer  in  stem  cell 
harvests  by  3-5  logs  (31,  32).  Whether  this  degree  of  purging  will 
be  clinically  beneficial  remains  to  be  demonstrated. 

The  major  concern  regarding  reinfusion  of  stem  cell  harvests 
containing  occult  metastases  is  whether  these  reinfused  breast 
cancer  cells  will  cause  early  relapse.  Several  studies  have  reported 
that  breast  cancer  relapse  post-ABMT  occurs  primarily  at  sites  of 
original  disease  (9-11).  However,  there  is  currently  no  method  of 
distinguishing  breast  cancer  cells  that  may  have  been  reinfused 
from  those  that  represent  relapse  of  original  disease.  In  this  pilot 
protocol,  the  CD34+  population  hematopoietic  of  stem  cells  will  be 
purified  using  the  anti-CD34  antibody  12.8  and  the  immuno- 
absorption  column  Separate-SC.  This  column  has  been  approved  by 
the  FDA  for  experimental  use.  This  technique  has  been  shown  to 
yield  a population  of  CD34+  cells  that  is  60-70%  pure  (15).  These 
cells  will  then  be  incubated  in  3 - 6 day  cultures  with  the  retroviral 
vector  as  described  below.  We  expect  that  few  breast  cancer  cells 
will  contaminate  the  CD34+  population  after  the  positive  selection 
process  and  that  any  that  did  would  be  unlikely  to  survive  the  3 - 6 
day  cell  culture  process.  However,  no  data  currently  exist  on 
whether  this  is  the  case.  It  is  possible  that  some  breast  cancer 
cells  will  also  be  transduced  with  the  neo  marker  gene.  We  will 
therefore  obtain  bone  marrow  biopsies,  and  if  safely  possible,  tumor 
biopsies  on  patients  with  relapsed  disease  post-ABMT  to  test  for 
the  presence  of  the  neo  gene  by  PCR.  To  do  this  we  will  need  to 
culture  the  patients'  breast  cancer  cells  prior  to  PCR  analysis  to 
separate  the  cancer  cells  from  contaminating  blood  cells.  Finding 
the  marker  gene  in  sites  of  relapsed  disease  in  this  study  would  be 
an  unexpected  finding  given  the  above  considerations.  Should  this 
occur,  however,  it  would  force  revision  of  our  current  thinking  about 
the  source  of  relapse. 
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Studies  of  retroviral  neo-gene  transfer  in  primate  in  models  and 
human  studies 

Hematopoietic  stem  cells  are  rare  in  crude  bone  marrow.  Attention 
has  focused  on  the  use  of  recombinant  retroviruses  as  efficient 
vehicles  to  introduce  new  genes  into  these  rare  cells.  Several 
laboratories  have  documented  experimental  infection  with  a 
recombinant  retrovirus  of  a cell  contributing  to  the  long-term  • 
reconstitution  of  hematopoiesis  in  mice.  A number  of  variables 
appear  to  influence  the  efficiency  of  retroviral  transduction  of 
hematopoietic  stem  cells.  Pre-treatment  of  bone  marrow  donors 
with  cytotoxic  agents  such  as  5-fluorouracil  (5-FU)  and  incubation 
of  bone  marrow  cells  with  hematopoietic  growth  factors  such  as 
Interleukin  3 (IL-3)  and  Interleukin  6 (IL-6)  during  in  vitro  exposure 
to  the  retrovirus  improve  both  gene  transfer  efficiency  and  graft 
survival  (33,  34).  Co-culture  of  bone  marrow  cells  with  virus- 
producing  cell  lines  for  extended  periods  and  the  use  of  high  titer 
producer  cell  lines  also  appear  to  improve  the  probability  of 
successful  stem  cell  infection  (35).  Experimental  designs  that 
incorporate  these  modifications  are  capable  of  achieving  long-term 
retroviral  gene  transfer  into  greater  than  90  percent  of  transplanted 
mice,  with  20  percent  of  circulating  cells  in  each  animal  containing 
the  recombinant  proviral  genome  (34). 

Retroviral  marking  of  multi-lineage  and  single  lineage  human 
progenitors  can  be  achieved  at  an  efficiency  of  20  - 25%  (40,  41).  A 
few  laboratories  have  extended  these  studies  by  examining  long- 
term culture-initiating  cells  (LTC-IC).  Again,  retroviral  marking  in 
these  cells  has  been  achieved  with  an  estimated  frequency  of  10  - 
20%.  This  is  determined  by  the  ability  to  recover  retrovirally- 
marked  clonogenic  progenitors  from  long-term  cultures  5-6  weeks 
after  retroviral  infection  and  initiation  of  culture  (42,  43).  The 
assay  for  the  LTC-IC  is  considered  the  best  surrogate  for  the  human 
stem  cell  at  present.  Various  combinations  of  hematopoietic  growth 
factors  have  been  used  to  achieve  infection  of  primitive  human 
hematopoietic  cells;  IL-3,  IL-6  and/or  stem  cell  factor  (SCF)  appear 
to  be  as  effective  as  any  combination  reported  to  date  (43,  44).  Co- 


Recombinant  DNA  Research,  Volume  16 


[97] 


culture  of  human  bone  marrow  cells  with  autologous  stroma 
increases  the  efficiency  of  retroviral  marking  of  human 
hematopoietic  progenitors  (45). 

Several  studies  have  shown  gene  transfer  into  the  hematopoietic 
cells  of  large  animals  after  autologous  BMT.  Kantoff  et  al. 
demonstrated  that  the  neoR  and  adenine  deaminase  (ADA)  genes  were 
present  in  three  cynomalogous  monkeys  2 months  after 
transplantation  (46).  A study  in  dogs  found  0.03  to  0.14%  of  CFU-GM 
progenitors  resistant  to  drug  selection  after  infection  and  BMT  (47). 
A recent  study  used  PCR  to  detect  vector  genome  in  Rhesus  monkeys 
at  32,  54,  and  99  days  post-BMT  (35).  These  studies  show  that 
multipotential  myeloid  progenitor  cells  have  been  transduced 
because  there  is  convincing  evidence  that  clonogenic  progenitors 
sampled  from  the  animals  1 to  2 months  after  transplantation  are 
resistant  to  selective  drugs  or  their  progeny  positive  by  PCR 
analysis  (45).  The  use  of  longer-term  supernatant  infections  in  the 
presence  of  hematopoietic  growth  factors  will  hopefully  improve 
the  efficiency  of  gene  transfer  into  primates  and  other  large 
animals. 

Recently,  three  monkeys  that  had  been  transplanted  with  BM  cells 
bearing  the  neo  gene  in  NHLB1  by  Nienhuis,  et  al.  developed  T-cel! 
leukemia/lymphoma.  These  monkeys'  bone  marrow  cells  had  been 
infected  with  a very  high  titer  producer  cell  line  which  produces  not 
only  the  neo  retroviral  vector  (N2),  but  also  replication  competent 
helper  virus  at  a titer  of  104-106  pfu/ml.  Appendix  III  is  a letter  to 
the  FDA  describing  the  evaluation  of  these  three  monkeys.  It  is 
believed  that  these  three  lymphomas  were  caused  by  chronic  wild- 
type  amphotrophic  helper  retrovirus  infections.  The  animals  were 
chronically  viremic  and  the  tumor  cells  contained  multiple  (20-30) 
copies  of  the  helper  virus  genome.  Other  monkeys  transplanted  with 
BM  cells  infected  with  the  helper  virus-free  LNL6  vector  have  shown 
no  evidence  of  lymphoma  or  any  other  malignancy.  It  is  believed  that 
these  malignancies  were  not  related  to  retroviral  vector  gene 
insertion. 
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The  vector  system  that  will  be  used  to  transfer  the  neo  gene  in  this 
pilot  study  is  essentially  the  same  as  that  used  at  NCI  in  the  N2-TIL 
human  gene  transfer  trial  (37).  This  system  consists  of  the  GINa 
vector  packages  in  an  amphotrophic  producer  cell  line  (PA317).  A 
similar  vector,  LNL6,  is  currently  being  used  by  Dr.  Malcolm  Brenner 
at  St.  Jude's  Research  Hospital  to  transduce  bone  marrow  stem  cells 
from  autografts  in  children  with  AML  and  neuroblastoma. 

Preliminary  results  from  this  ongoing  pilot  study  indicate  that  the 
transduced  neo  gene  has  been  demonstrated  in  the  bone  marrow  and 
peripheral  blood  at  4 weeks  in  one  patient  with  neuroblastoma  post- 
ABMT  (reported  at  the  NIH  Gene  Therapy  meeting,  December  4,  1991). 
The  LNL6  and  GINa  supernatants  are  helper  virus-free  and  no 
secondary  malignancies  have  been  reported  in  the  human  trials  to 
date. 

The  GINa  supernatant  has  been  approved  by  the  FDA  for  experimental 
infection  of  human  cells.  GINa  will  be  used  in  several  clinical 
studies  in  the  near  future.  GIN  (also  called  GINa)  is  a retroviral 
vector-containing  supernatant  used  for  transferring  the  bacterial 
gene  neophospho-transferase  (NEOR)  into  cells.  This  gene  product 
confers  resistance  to  the  neomycin  analogue,  G418.  The  GIN 
producer  cell  line  contains  the  vector  plasmid  (pGIN)  integrated  into 
PA317  (packaging)  cells.  The  plasmid,  PGIN,  was  constructed  at 
Genetic  Therapy,  Inc.  as  a complement  to  LNL6  and  provides  some 
additional  safety  factors  and  cloning  advantages  over  the  LNL6 
plasmid  made  in  the  laboratory  of  A.  Dusty  Miller  (BB-MF  3886).  The 
deletion  of  unnecessary  3'  sequences  just  5'  to  the  3'  LTR  was 
accomplished  in  the  pGI  plasmid  to  eliminate  any  homology  in  this 
region  with  sequences  that  are  also  found  in  the  PA317  cells  from 
the  pPAM3  plasmid  containing  the  structural  genes  for  the  retroviral 
vector.  The  pGI  plasmid  contains  a multicloning  sequence  which 
provides  a convenient  cloning  site  into  which  multiple  genes  or 
sequences  can  be  inserted  in  a reproducible  and  consistent  manner. 

To  construct  pGIN,  a truncated  (minimal  3'  untranslated  sequences) 
neoR  gene  is  inserted  into  the  multicloning  site.  Specifically,  a 852 
base  sequence  containing  the  coding  sequences  for  the  neoR  gene 
from  the  EcoRI  site  to  the  Asu  II  site  was  made  by  blunt  ended 
ligation  with  DNA  polymerase  into  pGI  that  had  been  cut  with  SnaBI. 
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Three  aspects  of  the  proposed  neo  gene  marking  study  are  unique 
among  the  human  gene  transfer  studies  conducted  to  date:  1)  The 
use  of  longer-term  (2-6  days)  infections  of  the  bone  marrow  cells 
with  the  retroviral  vector-containing  supernatant;  2)  The  use  of 
hematopoietic  growth  factors  in  the  infection  culture;  and  3) 

Infection  of  the  CD34+  subpopulation  of  marrow  cells.  All  three  of 
these  methods  are  aimed  at  increasing  the  efficiency  of  gene 
transfer  into  human  stem  cells.  We  will  also  harvest  patients'  bone 
marrows  during  the  late  part  of  the  nadir  recovery  period  following 
the  last  cycle  of  induction  chemotherapy  in  order  to  capture  as  many 
proliferating  stem  cells  as  possible. 

Turhan  and  Eaves,  et  al.  have  achieved  marrow  engraftment  in  three 
patients  with  CML  transplanted  with  autologous  hematopoietic  cells 
grown  in  culture  for  10  days  to  enrich  for  normal  Phi -negative  stem 
cells  (48).  It  appears,  therefore,  that  human  stem  cells  and 
progenitors  cultured  for  2-6  days  prior  to  reinfusion  are  capable  of 
contributing  to  successful  marrow  engraftment. 

Naparstek,  et  al.  have  shown  that  pretransplant  in  vitro  activation  of 
bone  marrow  cells  with  IL-3  and  GM-CSF  may  prove  an  efficient  and 
safe  method  for  acceleration  of  hematopoietic  recovery  after  BMT. 
Patients  undergoing  allogeneic  BMT  were  found  to  have  significantly 
faster  neutrophil  and  platelet  recovery  when  one-third  of  their 
marrow  was  incubated  with  GM-CSF  for  three  days  and  IL-3  on  Day  4 
compared  to  historical  controls  from  the  same  institution  (49).  Our 
plan  to  culture  the  CD34+  cells  with  hematopoietic  growth  factors 
prior  to  reinfusion  appears  safe  based  on  this  study  as  well  as  data 
obtained  using  this  approach  in  primates  (36).  Lastly,  Berenson  has 
demonstrated  that  CD34+  bone  marrow  cells  are  capable  of 
reconstituting  hematopoiesis  in  breast  cancer  patients  after  high 
dose  chemotherapy,  and  in  some  cases,  total  body  irradiation  (15). 
Berenson  et  al.  separated  the  CD34+  suboopulation  from  the  bone 
marrow  harvests  of  7 patients  with  breast  cancer  and  2 with 
neuroblastoma  and  demonstrated  that  the  CD34+  cells  were  capable 
of  reconstituting  the  patients'  marrows  after  high  dose 
chemotherapy  and,  in  3 patients,  total  body  irradiation.  The  median 


Recombinant  DNA  Research,  Volume  16 


time  to  engraftment  with  a granulocyte  count  >500/mm3.  was  34 
days:  one  patient  failed  to  engraft  due  to  metastatic  marrow  disease 
and  3 others  died  of  transplant-related  complications  at  14.  14  and 
17  davs.  two  with  marrow  evidence  of  early  engraftment.  The  34 
davs  to  .engraftment  is  longer  than  is  generally  achieved  with  use  of 
whole  marrow  as  the  autograft  (21-28  davsl.  In  the  present  study. 
patients  will  be  transplanted  with  > 5x1  QZ  buffv  coat  cells/Kg  that 
have  not  been  CD34+  selected  nor  transduced.  This  number  of  buffy 
coat  cells  is  known  to  be  adequate  for  full  marrow  reconstitution. 

No  greater  than  30%  of  the  harvested  marrow  will  be  used  to 
separate  the  CD34+  subpopulation  and  for  retroviral  transduction. 
These  CD34+  cells  will  be  reinfused  along  with  the  >5x101  buffv 

coat  cells/Kg. Because  adequate  numbers  of  un-manipulated  buffy 

coat  cells  will  be  infused  as  the  autograft,  we  do  not  anticipate  that 
the  addition  of  the  CD34+  cells  will  decrease  the  safety  and  efficacy 
of  the  autograft. 

In  retroviral  transduction  studies  of  murine  stem  cells  and 
progenitors,  the  efficiency  of  neo  gene  transfer  increases  from 
approximately  10%  using  IL-3  alone  in  the  transduction  culture  to 
54%  in  the  presence  of  both  IL-3  and  IL-6  (Arthur  Nienhuis.  personal 
communication!.  Similar  data  with  human  stem  cells  and 
progenitors  is  not  available  comparing  IL-3  to  IL-3  plus  IL-6  to  IL-3 
plus  IL-6  plus  SCF,  However,  it  is  known  that  10  - 25%  of  CD34+ 
human  cells  are  marked  with  the  neo  gene  using  the  2-6  dav  culture 
duration  with  the  three  growth  factors  (Arthur  Nienhuis.  Cvnthia 
Dunbar,  personal  communication!.  In  the  murine  system,  as  the 
efficiency  of  progenitor  transduction  increases  from  10  to  90%.  the 
copy  number  of  neo  genes  per  cell  increases  linearly  to  3-4  copies 
per  cell  (Arthur  Nienhuis.  personal  communication!.  Comparable 
data  does  not  exist  for  human  progenitors.  However,  only  10  - 25%  of 
human  progenitors  are  generally  marked  with  the  neo  gene  under,  the 
most  optimal  conditions  currently  in  use  so  it  is  unlikely  that  this 
subpopulation  would  have  more  than  1-4  copies  of  the  neo  gene  per 
marked  cell.  As  for  the  efficiency  of  human  stem  cell/proaenitor 
transduction  increases,  however,  it  is  likely  the  number  of  neo  genes 
per  cell  will  also  increase.  This  could,  theoretically,  increase  the 
risk  of  insertional  mutagenesis. 
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Overall  Approach  to  this  Pilot  Study 


Patients  with  metastatic  breast  cancer  will  receive  4-5  cycles  of 
induction  chemotherapy  and  GM-CSF  or  G-CSF  on  one  of  the  ongoing 
Medicine  Branch  protocols.  Patients  achieving  at  least  a partial 
response  will  undergo  bone  marrow  harvest  when  hematologic 
recovery  has  occurred.  Patients  who  have  not  achieved  a PR,  but  who 
are  responding  to  therapy,  may  be  treated  with  additional  cycles  of 
therapy  in  an  attempt  to  achieve  a PR.  Such  patients  will  be  eligible 
for  transplant  if  a PR  is  obtained.  70%  of  the  bone  marrow  will  be 
cryopreserved.  The  CD34+  subpopulation  from  the  remaining  30%  of 
the  bone  marrow  harvest  will  be  obtained  using  an  anti-CD34+ 
antibody  and  immunoabsorption  column.  These  cells  will  be 
transduced  with  the  GINa  retroviral  vector  bearing  the  neomycin 
resistance  marker  gene  and  reinfused  along  with  the  non-transduced 
bone  marrow  cells  into  patients  following  high  dose  ICE 
chemotherapy.  Serial  peripheral  blood  and  bone  marrow  samples 
will  be  obtained  to  study  the  persistance  of  the  neo-marked  stem 
cells  and  progeny  and  the  time  course  of  marrow  recovery.  Patients 
with  residual  or  progressive  disease  after  ABMT  will  be  treated 
with  vinblastine  with  and  without  G-CSF.  Peripheral  blood  and  bone 
marrow  samples  will  be  obtained  to  study  whether  chemotherapy 
and  G-CSF  increase  the  number  of  neo-bearing  hematopoietic  cells. 
Patients'  bone  marrow  and  other  sites  of  relapsed  tumor  will  be 
biopsied  to  test  for  the  presence  of  the  neo  gene  by  PCR. 

3.  Patient  Eligibility: 

3.1  Histologically-documented  metastatic  breast  cancer. 

3.2  Patients  must  have  achieved  at  least  a partial  response  to 
induction  chemotherapy.  Patients  achieving  a complete 
response  are  eligible  for  study. 

3.3  Age:  18-M 

3.4  No  history  or  clinical  evidence  of  metastatic  CNS  disease. 
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3.5  Normal  cardiac  function:  No  history  of  angina,  myocardial 

infarction,  CHF.  LVEF  must  be  >40%.  Exercise  treadmill  test 
must  be  normal. 

3.6.  Creatinine  clearance  50cc/min,  bilirubin  ^.1.5.,  SGOT  ^2x 
normal,  normal  PT,  PTT,  calcium. 

3.7  Negative  HIV  serology  and  hepatitis  B surface  antigen. 

3.8  Adequate  pulmonary  function:  DLCO  >50%  compensated  for 
Hemoglobin;  FEV  >55%,  PO2  >60mm  Hg. 

3.9  Histologically  negative  bilateral  bone  marrow  biopsies  prior  to 
bone  marrow  harvest. 

3.10  No  evidence  of  metastatic  disease  to  the  pelvis  on  plain  film 
or  bone  scan.  No  prior  pelvic  radiation  therapy.  3 sites  of 
metastatic  disease  on  bone  scan. 

3.11  ECOG  performance  status  0,  1,  2 and  a life  expectancy  >60 
days. 

3.12  Negative  B-HCG  serum  pregnancy  test  in  patients  of  child- 
bearing age. 

3.13  Ability  to  give  informed  consent. 

3.14  Good  psychiatric  and  medical  risk.  All  patients  will  undergo  a 
psychosocial  evaluation  by  the  breast  cancer  psychiatric 
social . worker, 

4.0  Pretreatment  Evaluation 

4.1  Complete  history  and  physical  examination  with  measurement 
of  all  palpable  peripheral  lymph  nodes,  liver,  and  other 
measurable  lesions. 
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4.2  Hematological  and  Serological  Studies:  CBC  with  differential 

count,  platelets,  reticulocyte  count,  Westergren  sedimentation 
rate,  PT,  PTT,  Coomb's  test,  HIV  serology,  Hepatitis  B surface 
Ag/Ab,  CMV  and  HSV  serology  and  HLA  blood  typing. 

4.3  Chemistry  Studies:  Acute  Care,  Hepatic  and  Mineral  panels, 

Uric  Acid,  LDH,  CPK,  Amylase,  Thyroid  function  tests  (Free  T4, 
TSH),  Total  Protein,  24  hour  urine  for  creatinine  clearance  and 
total  protein,  urinalysis,  |3HCG  in  patients  of  child-bearing  age. 

4.4  Radiological  Studies: 

4.4.1  Chest  and  abdominal  CT  scan. 

4.4.2  Head  CT  scan. 

4.4.3  Bone  Survey  and  bone  scan. 

4.5  Pulmonary  Function  Tests  with  DLCO  and  arterial  blood  gas. 

4.6  Nuclear  Medicine  cardiac  ejection  fraction  (MUGA  scan)  and 
exercise  treadmill  test. 

4.7  Bilateral . iliac  breast  bone  marrow  biopsies  and  aspirates. 

4.8  CSF  examination  with  cytology  if  disease  clinically  suspected. 

4.9  Audiogram  prior  to  and  one  month  following  discharge  from 
hospital  for  bone  marrow  transplant. 

4.10  Serum  for  baseline  study  for  the  presence  of  wild-type  virus 
and  antibodies  to  retroviral  proteins. 

5.0  Bone  Marrow  Harvest 

All  patients  are  to  have  a bone  marrow  harvest  as  outlined  in 
Section  5.1. 
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5.1  Bone  Marrow  Harvest 


Patients'  bone  marrow  will  be  harvested  after  4-5  cycles  of 
induction  chemotherapy  and  after  patients'  bone  marrows  have 

returned  to  steady  state  after  chemotherapy-  At  least  2 weeks 
will  elapse  from  blood  count  recovery  from  induction  therapy 
and  bone  marrow  harvest  (see  Section  6.01.  Bone  marrow 
harvest  is  arranged  by  contacting  Dr.  Wyndham  Wilson  (496- 
6404  or  page  104-2399-7)  or  George  Bryant  (496-9521  or 
page  104-2556-7)  at  least  1 week  before  the  procedure. 

Patients  must  have  an  AGC>1 500/p.l  and  platelets  >75,000/p.l. 
Marrow  collection  is  performed  in  the  Clinical  Center 
operating  rooms  under  general  anesthesia.  The  patient  must  be 
admitted  to  the  hospital  by  2:00  P.M.  on  the  day  prior  to 
marrow  collection  and  evaluated  by  the  anesthesiologist  and 
BMT  team.  ABMT  requires  a minimum  of  5 x 10Z  buffv  coat 

celis/kfl..bQdy  weight. In  general.  > 1x103.  buffv  coat  cells/kg 

body  weight  are  harvested.  Every  attempt  will  be  made  to 
harvest  >3x108.  buffv  coat  cells/Ko  body  weight  before 

processing, If  it  is  possible  to  obtain  >1x1  0&  buffy  coat 

cells/Ka  after  Ficoll  processing.  70%  of  the  purified  marrow 
will  be  immediately  crvopreserved  using  standard  techniques. 

The  remaining  30%  will  be  used  for  retroviral  transfection. |f 

<1  x IPS,  buffv  coat  cells/Ko  body  weight  are  harvested,  the 
entire  purified  marrow  will  be  frozen  immediately.  These 
patients  will  not  be  transplanted  on  this  gene  transfer  pilot 
study,  but  may  be  eligible  for  ABMT  with  ICE  chemotherapy  and 
interleukin-1  or  another  ongoing  Medicine  Branch  ABMT  study. 
This  option  will  be  discussed  with  Dr.  Wilson. 

5.1.1  The  following  preoperative  tests  must  be  obtained  prior  to 
harvest:  CBC,  platelets,  PT,  PTT,  SMAC,  urinalysis,  Chest  x- 
ray,  ECG.  Type  and  Cross  3 units  irradiated  PRBC  for  the  CR. 

5.2  Bone  Marrow  Processing: 

Marrow  will  be  filtered  to  remove  bony  particles  and 
transported  to  the  blood  bank  for  further  processing  in  sealed, 
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sterile  collection  bags.  Samples  will  be  taken  for  counting, 
microbial  culture,  in  vitro  culture  and  surface  antigen 
analysis.  The  total  bone  marrow  will  be  processed  with  a 
Fenwal  CS3000  automated  separation  unit  to  first  purify  a 
buffy  coat  preparation,  then  a monoclear  cell  fraction  by 
density  gradient  centrifugation.  Samples  will  again  be  taken 
for  counting,  in  vitro  culture,  microbial  culture  and  surface 
antigen  analysis. 

6.0  Treatment  Plan: 

6.1  Patient  Registration:  All  patients  must  be  registered  on  study 

by  the  clinical  associate  by  contacting  Orkand  at  402-1732 
(8:30  A.M.  - 5:00  P.M.,  Monday  - Friday)  with  the  appropriate 

- patient  information.  Patients  must  also  be  officially  taken  off 
study  by  contacting  Orkand  Personnel. 

6.2  All  patients  will  have  a double  or  triple  lumen  semi-permanent 
central  venous  catheter  place  in  the  operation  room  at  the 
time  of  marrow  harvest  or  on  another  occasion  prior  to 
initiation  of  high  dose  chemotherapy. 

6.3  Patients  with  metastatic  breast  cancer  will  be  treated  with  4- 
5 cycles  of  induction  chemotherapy  on  an  NCI  Medicine  Branch 
Treatment  protocol  which  includes  GM-CSF  or  G-CSF  to 
simulate  bone  marrow  recovery.  Patients  achieving  at  least  a 
partial  response  with  induction  chemotherapy  will  be  eligible 
for  transplant.  Patients  who  have  not  achieved  a PR  but  who  ar 
responding  after  4-5  cycles  may  be  treated  with  additional 
cycles  in  an  attempt  to  achieve  a PR.  Such  patients  will  be 
eligible  for  transplant  if  a PR  is  obtained.  Patients  who  have 
achieved  a PR  after  4-5  cycles  and  who  continue  to  respond 
mav  be  treated  with  additional  cycles  until  a CR  or  best 
response  is  achieved.  A maximum  of  9 induction  cycles  will  be 
administered. 
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6.4  After  bone  marrow  recovery  from  induction  chemotherapy  has 
occurred  (ANC  > 2000/llI  and  platelets  >1 00.000/un.  patients 
will  undergo  bone  marrow  harvest  (see  Section  5.1).  At  least 
two  weeks  will  elapse  from  recovery  of  the  blood  counts  after 
induction  therapy  and  bone  marrow  harvest. 

6.5  ICE  Chemotherapy-Regimen: 

Drugs:  Days  1 

Ifosfamide  x 

4 g/M2/day  I.V.  q.d. 
days  1 to  4 (4  days) 

CBDCA  x 

600  mg/M2/day  CIV 
days  1 to  4 (72  hours) 

Etoposide  xx 

250  mg/M2/q12  hrs  I.V. 
on  days  1 to  3 (6  doses) 

Mesna  x 

6400  mg/M2/day  I.V. 
on  days  1 to  4 (4  days) 

As  outlined  below: 

Mesna  loading  dose:  800  mg/M2  I.V.  with  Ifosfamide  (hr  2-4) 

Constant  infusion:  800  mg/M2  I.V.  over  3 hr  (hr  4-7) 

Bolus  doses:  800  mg/M2/dose  I.V.  q 3 hr  x 6 doses 

(hr  7,  10,  ...) 

Bone  Marrow  Reinfusion  Day  7 X 

Day  8:  Beginning  G-CSF  lOjig/kg  SC  daily  until  AGC 

>2000/}il  on  3 successive  determinations. 

Bactrim  DS  1 tab  PO  BID  of  Mon.,  Tues.,  and  Wed.  upon 
admission  and  for  3 months  post-discharge. 
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Clotrimazole  Troche  10  mg  SUCK  q 4th  while  awake  beginning 
Day  1 continuing  until  wbc  recovery. 

6.6  After  ICE  chemotherapy  on  days  1-4,  patients  will  undergo 
bone  marrow  reinfusion  on  Day  7.  The  bone  marrow  to  be 
reinfused  will  consist  of  the  CD34+  stem  cells  that  have  been 
transduced  with  a retroviral  vector  bearing  the  neomycin  • 
resistance  marker  gene  (neo)  as  well  as  the  70%  of  the  bone 
marrow  harvest  that  was  cryopreserved. 

6.7  Beginning  on  Day  8 patients  will  be  treated  with  G-CSF 
lOjig/Kg  SC  daily  until  the  ANC  >2000/pl  on  three  successive 
determinations. 

6.8  Patients  will  be  monitored  with  daily  CBC,  platelet  count, 
differential,  and  chemistry  profiles. 

6.9  Therapy  Instructions: 

6.9.1  General  Instructions:  All  blood  products  must  be 
irradiated  and  a double  luman  Hickman  catheter  must  be 
in  place.  On  admission  and  for  3 months  following 
discharge,  patients  must  take  Bactrim  DS  1 po  BID  Q 
Monday/Tuesday/Wednesday.  MOUTH  CARE:  Peridex 
mouthwash  30  cc  po  swish  and  spit  Q8h;  NaH2C03  Rinse 
(2  tablespoon/500  cc  sterile  H2O)  30  cc  po  swish  and 
spit  Q4th;  Clotrimazole  Troche  10  mg  such  A4th  and  if 
not  tolerated,  Nystatin  20  cc  po  swish  and  swallow  Q4th. 
ANTI-EMETIC  REGiMEN  (suggested):  Ondansetron  0.15 
mg/Kg  IV  Q4  or  Q6  hours;  Ativan  1-2  mg  l>V>  Q8-12.  Do 
not  over-sedate  patients  and  DO  NOT  GIVE  STEROIDS. 
Droperidol  and  diphenhydramine  are  recommended  for 
breakthrough  N & V. 

6.9.2  ICE  Administration:  Hydration  will  start  24  hour  prior  to 

ICE  and  will  be  D5NS  at  300  ml/hr  on  day  0 and  repeat 
creatinine  clearance  obtained.  Chemotherapy  should 
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start  at  11:00  A.M.  on  day  1.  Hydration  will  continue  for 
at  least  7 days  after  completion  of  ifosfamide  if 
tolerated.  Hydration  will  not  be  stopped  without 
discussion  with  Dr.  Wilson  unless  necessary  for  medical 
indications,  e.g.,  CHF.  Lasix  may  be  administered  as 
needed  to  maintain  urine  output  at  >150  cc/hour  and  to 
reduce  patient  weight  gain.  Please  note  that  many 
patients  will  initially  gain  5%  fluid  body  weight 
followed  by  a spontaneous  diuresis.  During  ifosfamide 
administration  (days  1-4),  urine  should  be  tested  for 
hemoglobin  daily  and  if  gross  hematuria  develops,  the 
principal  investigator  should  be  notified  immediately  and 
the  next  dose  of  ifosfamide  held.  If  gross  hematuria 
develops,  a three-way  Foley  catheter  is  to  be  inserted 
and  continuous  bladder  irrigation  with  1 L/hr  normal 
saline  continued  24  hours  beyond  completion  of 
chemotherapy  (day  4). 

All  patients  will  develop  a metabolic  acidosis  (decreased 
serum  CO2)  because  of  a transient  proximal  renal  tubular 
acidosis  (H2CO3  loss)  and  accumulation  of  the  ifosfamide 
by-produce,  chlorbacidaldehyde.  The  serum  CO2  level 
generally  begins  to  fail  by  the  third  day  of  chemotherapy 
and  reaches  a nadir  3 to  4 days  later.  When  the  serum 
CO2  level  falls  to  18,  the  I.V.  fluid  changes  to  D5  1/2  NS 
+ 50  meg/L  Na  H2CO3.  If  the  CO2  continues  to  fall  to  < 16, 
12  hours  later,  the  I.V.  fluid  should  be  changed  to  D5  1/4 
NS  + 100  meg/L  Na  H2CO3.  The  Na2C03  should  be  removed 
with  the  CO2  is  stable  and  >22. 

For  a serum  potassium  < 3.5  mmol/L  administer  15  mEo 
of  potassium  I.V.  over  1 hour.  Recheck  serum  potassium 
1 hour  after  completing  the  potassium  infusion  and  call 
patient's  physician  for  continued  hypokalemia. 

Ifosfamide,  admixed  with  20%  MESNA  on  a weight  basis, 
will  be  administered  in  100  ml  D5W  intravenously  over  2 
hours,  daily  x 4 days,  immediately  following  etoposide. 
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MESNA  will  be  administered  first  as  a loading  dose 
admixed  with  ifosfamide  over  2 hours  (hr  2-4,  followed 
immediately  by  a 3 hour  continuous  infusion,  hr  4-7).  At 
completion  of  the  infusion,  MESNA  is  administered  every 
3 hours  as  an  intravenous  injection  over  15  minutes  x 6 
doses  (hr  7,  10,  13,  16,  19,  22)  x 4 days. 

Etoposide  will  be  mixed  in  500  ml  NS  and  infused  over  90- 
120  minutes  (maximum  concentration  of  1 mg/ml). 
Etoposide  will  be  started  prior  to  the  ifosfamide  on  the 
first  day  of  ICE  and  continued  every  12  hours  for  6 doses, 
ending  on  the  third  day  of  ICE. 

CBDCA  will  be  administered  as  a continuous  infusion 
over  72  hours  starting  on  the  first  day  of  ICE.  A 24-hour 
supply  will  be  placed  in  500  ml  of  D5W  and  infused 
through  the  lumen  not  being  used  for  the 
ifosfamide/mesna. 

Management  of  fever  and  neutropenia  should  be  done  in 
collaboration  with  the  Infectious  Disease  team  and  Dr. 
Wilson.  Patients  should  not  be  discharged  until  afebrile 
and  an  absolute  granulocyte  count  > 500/mm3  x 2 
consecutive  days  has  been  achieved.  Patients  may  be 
discharged  while  still  requiring  platelet  support 
provided  there  is  no  clinical  bleeding  and  arrangements 
are  made  for  outpatient  platelet  support. 

6.10  Bone  Marrow  Reinfusion 

The  bone  marrow  will  be  infused  3 days  following  the 
last  ifosfamide  dose  by  the  transplant  team.  All 
patients  will  have  their  vital  signs  monitored  q15 
minutes  x 4 and  q30  minutes  x 2.  Demerol  and  benadryl 
are  to  be  used  as  needed.  Hypotension  is  to  be  corrected 
with  fluid  and  pulmonary  symptoms  with  2L/min 
supplemental  oxygen. 
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6.11  Patients  with  residual  metastatic  disease  or  progressive 
disease  after  bone  marrow  transplant  will  be  offered 
treatment  with  vinblastine  chemotherapy  provided  their 
ANC  > 1 500/jil  and  pits  >90,000/jil.  SGOT,  SGPT  and 
total  bilirubin  must  be  2x  normal.  Vinblastine  will  be 
administered  by  continuous  I.V.  infusion  at  1.5 
mg/M2/day  for  5 days  by  a central  venous  catheter. 
Treatment  with  vinblastine  will  be  repeated  every  21 
days. 

Administration:  Vinblastine  will  be  given  as  a 

continuous  infusion  over  120  hours  through  central 
venous  access.  In  the  inpatient  setting,  a 24-hour  supply 
of  vinblastine  will  be  admixed  in  250  mg  of  0.9%  NaCI 
and  administered  via  infusion  pump.  Bags  will  be 
exchanged  daily  for  5 days  (120  hours).  In  the  outpatient 
setting,  a 24-hour  supply  of  vinblastine  will  be  diluted 
to  a final  volume  of  90  ml  with  0.9%  NaCI.  The  24-hour 
cassette  will  be  exchanged  daily  for  a total  of  5 
cassettes  per  120  hour  infusion.  If  deemed  feasible,  a 
60-hour  supply  may  be  diluted  to  a final  volume  of  100 
mL  with  0.9%  NaCI  and  placed  in  a single  cassette  to  be 
infused  over  60  hours  (40  ml  per  24  hours  or  1.67  ml/hr) 
requiring  two  cassettes  over  the  5 day  treatment  period. 

It  is  suggested  that  the  infusion  start  early  in  the 
morning  (around  9:00  - 10:00  A.M.),  and  the  cassette 
exchange  will  occur  at  the  opposite  time  on  the  third 
calendar  day  from  the  start  of  the  infusion.  All 
outpatient  infusions  will  be  administered  via  a portable 
infusion  device  (Pharmacia  CADD-1TM).  Patients  will  be 
instructed  on  the  use  and  care  of  this  pump. 


Recombinant  DNA  Research,  Volume  16 


[111] 


6.12  Patients  will  be  treated  with  vinblastine  alone  for  cycle 
1.  Doses  on  successive  cycles  will  be  escalated  by  10% 
to  achieve  a nadir  ANC  count  < 1000/jil.  Starting  on 
cycle  2,  patients  will  receive  G-CSF  5jig/Kg  SC  daily 
starting  on  Day  6 and  continuing  until  the  ANC  > 1500/jil 
on  two  successive  determinations.  A CBC  with 
differential  will  be  obtained  two  times  per  week. 

6.13  Patients  will  be  treated  with  vinblastine  until  stable 
disease  has  been  documented  over  3 cycles  or  until 
progressive  disease. 

7.0  Retroviral  Transfection  Procedure  and  Separation  of  CD34+ 
Population 

30%  of  the  harvested  bone  marrow  buffy  coat  cells  will  be  used  to 
separate  the  CD34+  stem  cells  and  progenitors  for  gene  transfer 
provided  >1x108  buffy  coat  cells/Kg  have  been  harvested.  This 
separation  will  be  done  by  immunoabsorption  using  the  anti-CD34 
antibody  12.8  and  the  immunoabsorption  column  Separate  SC  in  the 
Department  of  Transfusion  Medicine,  NIH.  This  method  has  been 
approved  by  the  FDA  for  experimental  use.  The  separated  CD34+ 
cells  will  be  co-cultured  for  2-6  days  with  viral  supernatant  from 
the  PA317  amphotrophic  producer  cell  line  in  the  presence  of 
hematopoietic  growth  factors  as  well  as  protamine  sulfate  at  4 
jig/ml.  Genetics  Therapy,  Inc.  clinical  grade  viral  supernatant  will 
be  sued  for  transduction.  This  supernatant  will  be  prepared,  tested 
and  thawed  as  per  IND  #3042.  This  supernatant  contains  between  5 - 
20x1 05  MOI  units  per  ml.  The  viral  supernatant  including  the  growth 
factors  and  protamine  will  be  changed  every  24  hours. 

After  the  period  of  in  vitro  culture,  the  cells  are  removed  from  the 
culture,  pelleted,  washed,  and  samples  are  taken  for  counting, 
hematologic  and  microbial  cultures.  The  remaining  cells  will  be 
frozen  using  standard  procedures  and  stored  in  liquid  nitrogen. 

After  the  frozen  cells  are  thawed,  they  will  be  tested  to  determine 
the  level  of  retroviral  infection  prior  to  reinfusion.  If  no  bacterial 
or  fungal  contamination  is  found  on  gram  stain  and  cultures,  the 
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thawed,  transduced  cells  will  be  admixed  with  the  thawed,  non- 
transduced  bone  marrow  cells  and  reinfused  into  the  patient  on  Day 
7 of  treatment  (see  Section  6.0). 

Hematologic  colony  numbers  produced  in  methylcellulose  by  an 
aliquot  of  non-transduced  and  transduced  marrow  mononuclear  cells 
will  be  measured  in  the  presence  and  absence  of  G418.  Confirmation 
of  transduction  in  positively-identified  G418  colonies  will  be 
obtained  by  PCR.  The  sites  of  viral  integration  in  G418  selected  CFU- 
GM's  obtained  from  patients  after  ABMT  may  be  examined  to  assess 
the  degree  of  clonability.  Viral  integration  sites  in  relapsed  tumor 
will  also  be  studied  if  adequate  tissue  is  obtained.  Southern  blot 
and  PCR  analysis  will  be  used  to  conduct  these  studies. 

8.0  Pharmaceutical  Information 

8.1  Ifosfamide  is  commercially  available  and  is  supplied  as  a 
lyophilized  powder  in  T and  3 gram  vials.  Reconstitution  with 
20  ml  sterile  water  for  injection  (SWF)  for  the  1 grams  vial 
and  60  ml  SWFI  for  the  3 gram  vial  yields  a 50  mg/ml  solution 
which  is  stable  for  at  least  7 days  at  4 degrees  C.  Ifosfamide 
is  compatible  with  D5W  or  NS  and  mixtures  of  ifosfamide  and 
MESNA  in  D5W  shew  less  than  a 5%  degradation  of  MESNA  and 
ifosfamide  after  24  hours. 

8.2  MESNA  is  commercially  available  and  is  supplied  as  a 
lOOma/ml  solution  in  single  dose  ampules  in  2.  4 and  10  ml 
sizes.  MESNA  is  compatible  with  D5W  or  NS  for  further 
dilution. 

8.3  CBDCA  (carboplatin)  is  commercially  available  and  is  supplied 
as  a sterile,  freeze-dried,  white  powder  in  20  ml  vials 
containing  50,  150  or  450  mgs  of  drug.  Reconstitution  of  150 
mg  mixed  with  9.8  ml  SWFI  yields  a 15  mg/ml  solution.  Also, 
reconstitution  may  be  done  by  adding  5,  15,  or  45  ml  of  D5W, 

NS  or  SWFI  to  the  50,  150  or  450  mg  vials,  respectively  to 
yield  10  mg/ml  concentration.  Normal  saline  is  not 
recommended  as  the  final  dilution  vehicle  due  to  accelerated 
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degradation.  When  prepared  as  directed,  carboplatin  solutions 
are  stable  for  18  hours  at  room  temperature  (25°C).  Since  no 
bacteriostatic  preservative  is  contained  in  the  formulation,  it 
is  recommended  that  carboplatin  solutions  be  discarded  8 
hours  after  dilution. 

8.4  Etoposide  is  commercially  available  as  a solution  in  5 ml  vials 
containing  100  mg  (20mg/ml).  The  drug  must  be  further 
diluted  in  either  D5W  or  NS  to  a final  concentration  of  <1 
mg/ml  before  administration.  Vials  diluted  as  recommended 
to  a concentration  of  0,2  or  0.4  mg/ml  are  stable  for  96  and  48 
hours,  respectively,  at  room  temperature  (25°C1  under  normal 
room  fluorescent  light  in  both  glass  and  plastic  containers.  If 
solutions  are  prepared  above  0.4mq/ml,  precipitation  mav 
occur.  It  is  recommended  that  etoposide  be  administered  over 
a 30  to  60  minute  period  to  avoid  possible  hypotension. 

8.5  Vinblastine  is  commercially  available  in  vials  containing  10 
mg  of  a lyophilized  powder  and  should  be  stored  in  the 
refrigerator  (2°C  to  8°C).  Reconstitution  with  10mL  of  either 
Bacteriostatic  Sodium  Chloride  Injection,  USP  (preserved  with 
benzyl  alcohol)  or  0.9%  Sodium  Chloride  Injection  results  in  a 

1 mg/mL  soiution  that  is  stable  for  30  days  when  refrigerated. 
Additional  stability  studies  indicate  that  a 0.15  mg/mL 
solution  in  normal  saline  stored  PVC  containers  shows  less 
than  10%  decomposition  at  room  temperature  (25°C)  over  8 
days.  Finally,  dilution  to  0.02  mg/mL  in  0.9%  NaCI  results  in 
solution  that  shows  little  to  no  drug  loss  in  21  days  at  4°  and 
25°C  in  the  dark. 

8.6  Recombinant  Human  Granulocyte-Colony  Stimulating  Factor  (G- 
CSF),  manufactured  by  Amgen,  Inc.,  is  a protein  of  MW  18,000 
daltons  produced  in  genetically  engineered  E.  coli.  The  drug 
will  be  supplied  as  a clear  sterile  solution  in  2 ml  vials 
containing  300  jig/ml  of  solution  (600  jig/vial).  Intact  vials 
should  be  stored  in  the  refrigerator  (2-8°C)  and  should  not  be 
frozen.  G-CSF  is  stable  at  2-8°C  for  at  least  one  year.  G-CSF 
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will  be  administered  as  a daily  subcutaneous  injection.  G-CSF 
will  be  supplied  by  the  Division  of  Cancer  Treatment,  NCI. 

9.0  Drug  Toxicity 

9.1  Etoposides  causes  myelosuppression,  nausea,  vomiting, 
alopecia,  mucositis,  hypotension  with  rapid  infusion, 
hypersensitivity  reactions,  local  phlebitis,  peripheral 
neuropathy,  cholestasis  and  cardiac  arrhythmias. 

9.2  Ifosfamide  may  cause  hemorrhagic  cystitis  which  is  prevented 
by  MESNA.  At  doses  in  the  ICE  regimen,  it  may  cause  renal 
damage  and  hepatitis.  A neurologic  syndrome  characterized  by 
somnolence  and  confusion  occurs  in  approximately  25%  of  the 
patients.  Myelosuppression,  nausea  and  vomiting  and  transient 
renal  tubular  acidosis  are  uniform  side  effects.  Hyponatremia 
(SIADH)  has  occurred  infrequently. 

9.3  CBDCA  causes  myelosuppression,  nausea  and  vomiting, 
ototoxicity,  nephrotoxicity,  and  hepatitis.  Less  frequently,  it 
causes  allergic  reactions,  dizziness,  blurred  vision, 
hypercalcemia,  fever,  interstitial  pneumonitis,  hemolysis, 
hemolytic  uremic  syndrome  and  hyponatremia. 

9.4  MESNA  causes  diarrhea,  nausea  and  vomiting. 

9.5  Vinblastine  causes  nausea  and  vomiting,  alopecia,  mucositis, 
constipation,  bone  marrow  suppression,  liver  dysfunction  and 
neuropathy.  In  addition,  vinblastine  can  cause  tissue  damage  if 
extravasation  occurs. 

9.6  G-CSF  toxicity  consists  mainly  of  bone  pain  which  can  be 
severe.  Other  adverse  reactions  include  constitutional 
symptoms  (nausea,  fatigue,  headache  and  myalgias),  lethargy, 
muscle  cramps,  back/leg  pain  and  exacerbations  of  pre- 
existing inflammatory  conditions  (e.g.,  psoriasis, 
vasculitides).  Fever  is  uncommon  but  has  been  reported.  A 
reversible  elevation  in  leukocyte  alkaline  phosphatase,  uric 
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acid  and  lactate  dehydrogenase  (LDH)  has  occurred  at  high  (30  - 
60  mg/kg  doses).  A local  reaction  at  the  injection  site  may 
also  occur.  Splenomegaly  with  associated  thrombocytopenia 
and  thinning  hair  have  been  observed  with  prolonged 
administration  in  patients  with  chronic  cyclic  neutropenia.  A 
few  patients  have  had  chest  pain  and  edema  after 
administration;  hypotension  during  administration  is  rare. 

9.7  Bone  marrow  infusion  will  cause  a garlic-like  taste  due  to  the 
DMSC  (dimethyl  sulfoxide)  freezing  agent.  This  may  cause 
nausea  and  vomiting  and  the  odor  of  the  drug  may  persist  for  4 
to  5 days  following  infusion.  Patients  may  also  develop 
shaking  chills  and  fever  within  4 hours  of  infusion  which 
usually  responds  to  demerol.  Pulmonary  symptoms  with 
dyspnea  are  rare  and  usually  only  require  supplemental  oxygen. 
Hypotension  is  rare  and  will  respond  to  fluids.  Hemoglobinuria 
may  rarely  be  seen  due  to  infusion  of  lysed  RBC's. 

10.0  Dose  Modifications 


10.1  Vinblastine:  Cycles  will  be  delayed  one  week  for  an  ANC 

<1500/jil  or  platelets  <90,000/p.l.  The  Vinblastine  dose  will 
be  escalated  by  10%  each  cycle  to  achieve  a nadir  ANC 
<1000/p.l.  The  dose  of  vinblastine  will  be  decreased  by  25% 
for  an  ANC  <500/p.  for  >5  days  oi  platelets  <20,000/jil. 


10.1.1  If  after  a one  week  delay,  the  ANC  is  <1 500/p.l  or 
platelets  <90,000K,  treatment  with  vinblastine  can 
be  given  as  below: 


If  ANC  is: 
1200-1499 
900-1199 
less  than  900 

If  platelet  count  is: 
75,000  - 89,000 
<75,000 


Vinblastine  Dose: 
75% 

50% 
no  drug 

Vinblastine  Dose: 
50% 
no  drug 
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10.2  G-CSF  Dose  Modification:  For  Grade  3 toxicities  that  are,  in 
the  judgement  of  the  Principal  Investigator,  due  to  G-CSF,  the 
dose  of  G-CSF  should  be  reduced  to  50%  of  the  original  dose. 

For  Grade  4 toxicities  that  are,  in  the  judgement  of  the 
Principal  Investigator  related  to  G-CSF,  the  G-CSF  should  be 
stopped  and  not  resumed.  For  toxicities  of  Grade  2 or  less  that 
are  considered  by  the  Principal  Investigator  to  be  related  to  G- 
CSF,  an  effort  should  be  made  to  ameliorate  the  toxicity 
through  use  of  acetaminophen  and/or  diphenhydramine.  If  a 
patient  cannot  tolerate  a dose  of  5.0  jig/kg  G-CSF  per  day 
during  BMT  or  2.5jig/Kg  during  vinblastine  treatment,  the  G- 
CSF  will  be  stopped. 

11.0  On  Study  Evaluation 

11.1  Daily  CBC,  platelet  count,  differential,  electrolytes,  glucose, 
BUN,  creatinine  while  hospitalized  and  2 times  per  week  until 
day  60  post-transplant  for  patients  not  receiving  vinblastine. 
Patients  treated  with  post-transplant  vinblastine  will  have 
twice  weekly  CBC.  platelet  count,  and  differential  performed. 

11.2  Three  times  per  week  calcium  phosphate,  magnesium,  albumin, 
total  protein,  SGOT,  SGPT,  alkaline  phosphatase,  LDH,  total 
bilirubin,  PT,  PTT,  fibrinogen,  TT  while  hospitalized  then 
weekly  until  day  60  post-transplant.  For  patients  receiving 
vinblastine  these  studies  will  be  obtained  along  with 
electrolytes,  BUN,  creatinine  and  glucose  every  3 weeks. 

11.3  Weekly  chest  x-ray,  urinalysis  until  hospital  discharge. 

1 1 .4  One  purple  top  and  one  green  top  tube  will  be  obtained  two 
times  a week  while  patients  are  hospitalized  to  study  the 
presence  of  the  neo-aene  marker  by  PCR.  These  samples  will 
be  obtained  weekly  after  hospitalization  until  Dav  60  post- 
transpiant.  These  bloods  will  be  ordered  bv  the  study  research 
nurse  or  the  clinical  associate  and  transported  at  room 
temperature  to  Dr.  Ken  Cowan's  Laboratory.  Room  12C110. 
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11.5  Bone  marrow  aspiration  and  biopsy  will  be  obtained  on  Days 
14,  28,  and  42  post-transplant  for  PCR,  clonagenic  assays  and 
FACS  analysis. 

11.6  Patients  will  undergo  a restaging  evaluation  of  their  known 
sites  of  metastatic  breast  cancer  one  month  post  transplant. 
Patients  with  residual  disease  will  be  eligible  for  treatment 
with  vinblastine. 

11.7  For  patients  receiving  vinblastine,  1 purple  and  1 green  top 
tubes  will  be  obtained  twice  a week  to  study  the  presence  of 
the  neo  gene  by  PCR.  Bone  marrow  aspirates  and  biopsies  will 
be  obtained  after  marrow  recovery  from  cycles  1 and  3 of 
vinblastine  to  study  the  effects  of  chemotherapy  and 
hematopoietic  growth  factors  on  retroviral  marker  gene 
expression. 

11.8  Evaluation  after  Day  60  post-transplantation:  Patients  will 

return  to  NCI  monthly.  Monthly  evaluation  will  induce  CBC, 
platelets,  differential,  electrolytes,  liver  function  tests,  BUN, 
creatinine,  calcium,  albumin,  magnesium.  Peripheral  blood 
samples  for  PCR  analysis  will  also  be  obtained  (1  green  ad  1 
purple  top  tube). 

11.9  Bone  marrow  aspirates  will  be  obtained  every  three  months  in 
patients  whose  marrow  expresses  the  neo  marker  gene.  These 
samples  will  be  analyzed  for  the  marker  gene  by  PCR.  FACS 
and  clonagenic  assays  will  also  be  performed. 

1 1 .1  OPatients  will  undergo  restaging  of  their  metastatic  breast 
cancer  every  3-6  months.  This  will  include  a CXR  every  3 
months  and  an  abdominal,  chest  CT  and  bone  scan  every  6 
months. 

11.11  A creatinine  clearance  will  be  obtained  prior  to  hospital 
discharge. 
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11.1 2An  audiogram  will  be  obtained  prior  to  and  one  month  after 
ABMT. 

1 1 .1 3Biopsies  will  be  done  of  accessible  tumor  (skin,  lymph  nodes, 
pleural  effusions,  bone  marrow,  or  liver  or  lung  disease 
accessible  by  CT  - guided  FNA)  at  the  time  of  relapse  to  assay 
for  the  presence  of  the  neo  marker  gene  by  PCR. 

1 1 .1 4Apheresis  following  vinblastine/G-CSF  (during  the  nadir 
recovery  period)  will  be  performed  on  patients  with 
circulating  cells  or  bone  marrow  cells  that  contain  the  neo 
gene.  For  patients  in  a clinical  CR  or  not  otherwise  receiving 
vinblastine/G-CSF,  and  whose  marrow  or  peripheral  cells 
contain  the  neo  gene,  apheresis  will  be  performed  to  study  the 
neo-transduced  population.  Cells  collected  by  apheresis  will 
be  sorted  by  FACS  and  the  various  subpopulations  tested  for 
the  nsa  gene  by  PCR. 

11.15Serum  for  wild  type  virus  and  Western  blot  analysis  will  be 
obtained  every  3 months. 

11.16Upon  the  death  of  a patient,  an  autopsy  will  be  requested  and 
multiple  organ  sites  will  be  analyzed  by  PCR  for  the  presence 
of  the  neo  gene. 

12.0  Statistical  Considerations 

The  main  objective  of  this  pilot  trial  is  to  study  the  feasibility  of 
obtaining  bone  marrow  engraftment  with  hematopoietic  stem  cells 
bearing  the  neo  marker  gene  after  high  dose  chemotherapy.  The 
trafficking  and  time  course  patterns  of  the  neo-marked  cells  in  the 
peripheral  blood  and  bone  marrow  will  be  studied  by  repeated 
samples  of  these  sites.  In  patients  relapsing  in  the  bone  marrow  or 
in  other  sites  accessible  for  biopsy,  biopsies  will  be  obtained  to 
determine  the  PCR  whether  the  neo  gene  is  contained  with  the  tumor 
Both  qualitative  and  quantitative  neo  gene  expression  will  be 
investigated  in  this  trial.  This  will  be  accomplished  using  standard 
PCR  techniques  and  by  culturing  bone  marrow  cells  in  G418. 


Recombinant  DNA  Research,  Volume  16 


[119] 


Six  to  eight  patients  per  year  will  be  treated  on  this  pilot  trial.  A 
maximum  of  16  patients  will  be  treated.  Consideration  will  be  given 
to  treating  fewer  than  16  patients  if  either  no  long-term  gene 
marking  of  the  marrow  occurs  in  the  first  6-8  patients  or  if  the 
marking  procedure  is  successful  and  the  clinical  mdrl  retroviral 
vector  is  ready  for  study.  The  data  obtained  will  be  analyzed  and 
descriptively  reported.  Because  feasibility  and  trafficking  patterns 
are  the  main  end  points  of  this  study,  no  formal  statistical  analysis 
will  be  carried  out. 

Because  the  probability  of  transducing  a human  stem  cell  in  a 
patient  recovering  from  chemotherapy  is  unknown  and  because  the 
number  of  pluripotent  stem  cells  contributing  to  graftment  is 
unknown,  it  is  not  possible  to  assess  the  number  of  patients 
required  to  undertake  this  aim. 

13.0  Reporting  of  Data  and  Adverse  Drug  Reactions 

This  study  will  be  CTMS  monitored.  Data  will  be  submitted  to  CTMS 
at  least  every  two  weeks.  The  NCI/DCT  Case  Report  or  ACES  will  be 
used  to  report  to  CTMS. 

Reporting  of  adverse  drug  reactions  (ADR)  will  be  made  using  the 
Division  of  Cancer  Treatment  Common  Toxicity  Criteria  (Appendix  I), 
and  Toxicity  Criteria  for  ABMT  Studies  Supplementary  Toxicity 
Criteria  (Appendix  II)  for  reference  according  to  the  guidelines 
published  by  the  DCT,  NCI.  Report  by  telephone  to  IDB  within  24 
hours  (301-496-7957,  available  24  hours  per  day)  the  toxicities 
below.  A written  report  should  follow  within  ten  working  days  to: 
Investigation  Drug  Branch,  P.o.  Box  30012,  Bethesda,  Maryland 
20824.  Adverse  Drug  Reactions  must  also  be  reported  to  the 
Chairman,  ICRS  at  the  same  time  as  IDB.  Reporting  guidelines  are 
summarized  as  follows: 

All  life-threatening  events  (Grade  4,  except  for  Grade  4 
myelosuppression)  which  may  be  due  to  administration  of 
investigations  drug(s). 
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All  fatal  events  (Grade  5). 


All  first  occurrences  of  any  previously  unknown  toxicity 
(regardless  of  grade). 

14.0  Response  Criteria: 

Complete  Response:  No  evidence  of  disease  on  restaging  one  month 
after  bone  marrow  transplant  persisting  for  4 weeks. 

Complete  Response  - Unconfirmed:  No  evidence  of  active  disease  on 
restaging  one  month  after  bone  marrow  transplant,  but  the  presence 
of  residual  masses  clinically  consistent  with  benign  residual 
fibrosis. 

Partial  Response:  A 50%  or  greater  reduction  in  the  size  of 
measurable  lesions  as  defined  by  the  sum  of  the  products  of  the 
longest  perpendicular  diameters  of  all  measurable  indicator  lesions 
for  at  least  one  month. 

Minor  Response:  A 25%  to  49%  reduction  in  the  size  of  the 
measurable  lesions  as  defined  by  the  sum  of  the  products  of  the 
longest  perpendicular  diameters  of  all  measurable  indicator  lesions 
for  at  least  one  month. 

Stable  Disease:  Tumor  size  not  showing  evidence  of  response  or 
progression. 

Progressive  Disease:  An  increase  of  25%  or  more  in  the  size  of 
measurable  lesions  as  defined  by  the  sum  of  the  products  of  the 
longest  perpendicular  diameters  of  all  measurable  indicator  lesions 
compared  to  the  smallest  previous  measurement,  or  the  appearance 
of  a new  lesion. 
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CONSENT  TO  PARTICIPATE  IN  A CLINICAL  RESEARCH  STUDY 
* Adult  Patient  or *  * Parent,  for  Minor  Patient 


INSTITUTE:  NATIONAL  CANCER  INSTITUTE 

STUDY  NUMBER: PRINCIPAL  INVESTIGATOR:  Joyce  O’Shaughnessv.  M.D. 

STUDY  TITLEPilot  Study  of  High  Dose  ICE  (Ifosfamide,  Carboplatin,  Etoposide) 
Chemotherapy  and  Autologous  Bone  Marrow  Transplant  (ABMT)  for  Treatment  of  Metastatic 
Breast  Cancer 


INTRODUCTION 

We  invite  you  (or  your  child)  to  take  part  in  a research  study  at  the  National  Institutes  of 
Health.  It  is  important  that  you  read  and  understand  several  general  principles  that  apply  to  all 
that  take  part  in  our  studies:  (a)  taking  part  in  the  study  is  entirely  voluntary;  (b)  personal  benefit 
may  not  result  from  taking  part  in  this  study,  but  knowledge  may  be  gained  that  will  benefit 
others;  (c)  you  may  withdraw  from  the  study  at  any  time  without  penalty  or  loss  of  any  benefits 
to  which  youy  are  otherwise  entided.  The  nature  of  the  study,  the  risks,  inconveniences, 
discomforts,  and  other  pertinent  information  about  the  study  are  discussed  below.  You  are  urged 
to  discuss  any  questions  you  may  have  about  this  study  with  the  staff  members  who  explain  it  to 
you. 


NATURE  OF  STUDY 


The  currently  available  therapies  for  your  breast  cancer  are  not  curative.  The  high  dose 
chemotherapy  in  combination  with  bone  marrow  transplant  that  is  being  offered  to  you  may  not 
result  in  cure  of  your  disease  or  long  term  benefit  to  you.  Preliminary  studies  of  high-dose 
chemotherapy  and  bone  marrow  transplant  show  that  breast  cancer  may  respond  to  high  doses  of 
chemotherapy  and  bone  marrow  transplant.  In  general,  however,  it  has  not  yet  been  shown  that 
patients  with  metastatic  breast  cancer  are  cured  by  high  dose  chemotherapy  combinations  and 
bone  marrow  transplant.  Alternative  therapies  for  your  breast  cancer  include  conventional  or 
experimental  chemotherapy,  and  possibly  treatment  with  hormones.  You  may  also  be  treated  in 
some  cases  with  surgery  and/or  radiation  therapy.  The  specific  alternatives  available  for  you  will 
be  discussed  with  you  in  detail. 

TRANSPLANT  EVALUATION  AND  PROCEDURES 


In  order  to  determine  if  you  are  eligible  for  this  therapy,  several  tests  will  have  to  be  done. 
This  period  of  evaluation  will  take  two  to  three  weeks  and  will  be  done  on  an  outpatient  basis.  It 
may  include  standard  blood  tests,  24-hour  collections  of  urine,  tests  of  your  lung  function,  heart, 
and  hearing,  computerized  tomography  (CAT)  scans,  nuclear  medicine  scans  of  your  bones, 
liver/spleen  and  heart,  bone  marrow  biopsies  and  possibly,  biopsies  of  suspected  ares  of  tumor  if 
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this  has  not  already  been  done.  The  bone  marrow  biopsies  and  biopsies  of  tumor  will  be  done 
with  local  anesthesia.  The  risks  associated  with  these  procedures  are  pain,  bleeding  and  local 
infection.  On  occassion,  it  may  be  necessary  to  obtain  a biopsy  of  tumor  under  general  anesthesia 
to  prove  that  your  breast  cancer  has  spread.  The  risks  of  this  procedure  include  pain,  bleeding, 
infection,  risks  of  general  anesthesis  and  risks  associated  with  the  specific  area  undergoing 
surgery.  These  risks  will  be  individually  explained  to  you  at  the  time  of  surgery.  If  you  develop 
any  damage  to  your  nerves  ffrom  the  bone  marrow  transplant  (see  below)  you  will  have  nerve 
conduction  studies  performed.  This  test  is  done  by  placing  small  needles  in  several  nerves  and 
testing  their  function.  In  order  to  undergo  bone  marrow  transplant,  you  will  have  to  have  a 
Hickman  catheter  placed.  This  is  a semi -permanent  catheter  (fine  tubing)  which  is  placed  under 
the  skin  of  your  chest  wall  and  into  a major  vein  in  your  chest.  This  catheter  is  necessary  for 
infusion  of  chemotherapy  and  drawing  of  blood  during  transplant.  The  catheter  is  inserted  by  a 
surgeon  in  the  operating  room  under  local  anesthesia.  The  risks  associated  with  the  procedure 
include  pain,  bleeding  and  infection.  The  long  term  risks  of  the  catheter  include  infection  and 
clotting  of  your  veins.  If  these  occur,  it  may  be  necessary  to  remove  the  catheter.  These  risks 
will  be  explained  to  you  in  more  detail  at  the  time  of  insertion.  This  catheter  can  be  removed 
after  you  have  recovered  fully  from  bone  marrow  transplantation. 

As  part  of  your  participation  in  this  study,  it  will  be  necessary  to  test  your  blood  for  the 
presence  of  antibodies  to  the  Human  Immunodeficiency  Virus  (HTV), the  virus  that  causes 
Acquired  Immune  Deficiency  Syndrome  (AIDS).  If  you  are  found  to  carry  the  AIDS  virus,  it 
will  not  be  possible  to  treat  you  with  bone  marrow  transplantation  on  this  study  because  the  risks 
to  your  health  are  felt  to  be  too  great.  In  order  to  perform  the  test,  a small  amount  of  blood 
(approximately  2 teaspoons)  will  be  withdrawn  from  one  of  your  arms  with  a needle.  You  may 
experience  some  slight  discomfort  at  the  needle  entry  site  and  there  may  be  some  bruising.  In 
addition,  there  is  a very  small  risk  of  your  fainting  or  of  infection  at  the  needle  entry  site.  If  your 
test  results  are  found  to  be  positive,  or  if  you  are  otherwise  diagnosed  as  having  AIDS,  you 
should  be  aware  of  the  following  Clinical  Center  HIV  Testing  Policy: 

1.  Your  physician  will  notify  you  promptly  of  the  HTV  test  results. 

2.  Your  physician  and/or  the  Clinical  Center  HTV  counselor  will  offer  you,  and  any  current 
and/or  ongoing  sexual  partners)  (Spouses  are  generally  considered  to  be  current  or  ongoing 
sexual  partners)  or  needle- sharing  partner(s)  you  identify.  Information  on  the  meaning  of  thetest 
results  and  how  to  prevent  the  spread  of  the  infection. 
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3.  Because  the  virus  may  be  transmitted  in  several  ways,  it  is  important  that  you  inform 
sexual  and/or  needle- sharing  partner(s)  that  any,  or  all,  of  them  may  have  been  exposed  to  the 
HIV  virus  and  encourage  them  to  be  tested.  If  you  request  it  staff  at  the  Clinical  Center  will 
assist  you  in  notifying  your  partners)  and  arrange  counseling  for  them  through  and  HIV 
counselor. 


4.  The  results  of  your  HIV  test  and/or  documentation  of  the  diagnosis  of  AIDS  will  become  a 
part  of  your  Clinical  Center  medical  record  and,  as  such,  will  be  protected  from  unauthorized 
disclosure  by  the  Federal  Privacy  Act  of  1974.  In  general,  access  to  your  medical  record  will  be 
restricted  to  those  health  care  professionals  directly  involved  in  your  care  or  in  the  conduct  of 
ongoing  biomedical  research,  and  information  is  not  usually  released  to  other  third  parties 
without  your  permission  or  that  of  your  designated  representative.  However,  there  are  some 
particular  routine  uses  of  such  information  of  which  you  should  be  aware. 

a.  If  you  are  unwilling  or  unable  to  notify  your  partner(s),  the  Clinical  Center  is  responsible 
for  attempting  to  contact  and  inform  them  of  their  possible  exposure  to  the  virus.  Reasonable 
attempts  will  be  made  to  protect  your  identity  including  withholding  your  name  when  notifying 
any  paitner(s)  of  their  possible  exposure.  Some  notification  or  counseling  of  current  and/or 
ongoing  partners  may  be  carried  out  through  arrangements  with,  or  referral  to,  local  public  health 
agencies. 

b.  A summary  of  your  care  at  the  Clinical  Center  will  be  sent  to  the  physician  who  referred 
you  here  for  treatment. 

c.  The  Clinical  Center  may  report  certain  communicable  diseases,  including  AIDS  and 
symptomatic  HTV  infection,  to  appropriate  State  and  Federal  government  agencies. 

If  you  have  any  questions  regarding  the  HIV  testing  or  the  information  provided  above,  you  are 
encouraged  to  discuss  them  with  your  physician  and/or  a Clinical  Center  HIV  counselor 
(496-2381). 


The  high  doses  of  drugs  in  the  chemotherapy  regimen  you  will  receive  (see  below)  will  cause 
prolonged  suppression  of  your  blood  counts  and  so  must  be  given  in  conjunction  with  a bone 
marrow  transplant  to  help  your  blood  counts  return  to  normal.  Therefore,  bone  marrow  must  be 
obtained  from  your  body  and  stored  prior  to  the  high  dose  chemotherapy.  The  bone  marrow  is 
liquid  and  is  removed  with  needles  from  the  front  and  back  of  the  pelvic  bone  and,  if  necessary, 
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from  the  sternum  (breast  bone).  It  is  then  frozen  and  stored  in  liquid  nitrogen.  Because  many 
needle  punctures  are  needed,  the  procedure  is  performed  under  general  anesthesia  in  the  • 
operating  room.  The  risks  of  this  procedure  include  bleeding,  infection  and  pain.  You  will 
receive  3 to  4 units  of  blood  transftision  during  the  procedure  and  this  may  place  you  at  a small 
risk  for  hepatitis.  Your  consent  for  general  anesthesia  will  be  obtained  after  discussion  with  the 
anesthesiologist. 

In  order  to  qualify  for  this  protocol,  a minimum  number  of  bone  marrow  cells  must  be 
removed  so  we  can  safely  perform  the  transplant  procedure.  There  is  the  possibility  that  we  may 
not  be  able  to  remove  enough  bone  marrow  cells  to  do  this.  If  insufficient  bone  marrow  cells  can 
be  obtained  to  make  a transplant  safe,  you  will  be  considered  for  treatment  on  other  NCI 
protocols. 


THERAPY  ON  STUDY 


If  you  are  eligible  for  and  decide  to  accept  treatment  on  this  protocol,  your  bone  marrow  will 
be  removed  as  described  above  and  you  will  be  treated  over  a 4 day  period  with  three  drugs 
called  ifosfamide,  CBDCA  and  etoposide  (ICE)  administered  as  follows:  CBDCA  will  be 
administered  as  a constant  intravenous  infusion  over  3 days  (72  hrs);  ifosfamide  will  be 
administered  intravenously  over  2 hours  each  day  for  4 days;  etoposide  will  be  administered 
Intravenously  over  1 hour  twice  a day  for  3 days.  These  drugs  will  be  administered  through  your 
Hickman  catheter.  Two  days  after  the  chemotherapy  is  completed,  your  bone  marrow  will  be 
given  back  to  you  through  your  Hickman  catheter  like  a blood  transfusion.  Both  normal, 
unchanged  bone  marrow  and  the  marrow  containing  the  neo  gene  will  be  returned  to  you.  One 
day  after  your  bone  marrow  is  given  back,  you  will  start  treatment  with  G-CSF,  a protein  factor 
give  to  you  daily  as  an  under  the  skin  injection  to  help  your  blood  counts  return  to  normal. 

G-CSF  will  be  stopped  when  your  blood  count  returns  to  the  safe  range.  You  will  be 
hospitalized  for  4 to  6 weeks  following  the  transplant 

You  will  be  hospitalized  for  the  bone  marrow  transplant.  Following  treatment  with  ICE 
chemotherapy  over  four  days,  the  frozen  bone  marrow  will  be  thawed  on  day  7 and  infused 
intravenously  (like  a blood  transfusion).  Beginning  on  day  8,  you  will  be  treated  with  a daily 
injection  under  your  skin  of  G-CSF  to  help  your  blood  counts  recovery  more  quickly.  The  bone 
marrow  suppression  caused  by  the  chemotherapy  should  be  reversed  by  the  bone  marrow 
transplant  and  most  patients  recover  their  white  blood  cell  and  platelet  counts  to  a safe  range  in 
three  to  four  weeks  following  marrow  reinfusion.  The  G-CSF  will  be  stopped  once  your  blood 
counts  recovery  to  the  safe  range.  You  will  be  hospitalized  until  your  blood  counts  are  in  a safe 
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range.  During  this  hospitalization  you  are  at  serious  risk  of  infection  and  bleeding  for  which  you 
will  receive  close  monitoring.  You  may  require  treatment  with  many  antibiotics,  and  you  will 
receive  blood  and  platelet  transfusions.  If  you  become  critically  ill,  you  will  be  moved  to  the 
intensive  care  unit  and  may  require  artificial  life  supports.  On  rare  occassions,  patients  will  not 
recover  their  bone  marrow  function  and,  therefore,  will  be  at  a continued  risk  of  infection  and 
bleeding.  If  this  occurs,  it  is  life-threatening  and  you  could  die. 

During  your  hospitalization,  approximately  2 teaspoons  of  blood  will  be  drawn  from  your 
Hickman  catheter  daily  to  study  your  blood  counts  and  other  important  blood  chemistries.  We 
will  follow  the  course  of  your  breast  cancer  after  transplant  by  CAT  scans,  x-rays,  and  bone 
scans.  These  will  be  obtained  one  month  after  transplant  and  every  2-3  months,  thereafter.  If 
your  breast  cancer  does  not  go  away  entirely  after  the  bone  marrow  transplant,  or  if  it  returns 
(relapses)  after  transplant,  you  will  be  offered  treatment  with  a standard  chemotherapy  drug, 
vinblastine,  in  combination  with  G-CSF. 

The  vinblastine  chemotherapy  will  be  given  to  you  as  an  outpatient  through  a vein  by 
continuous  infusion  over  5 days.  It  will  be  necessary  for  this  chemotherapy  to  be  given  through 
a central  venous  catheter  fe.g..  a Hickman)  for  safety  purposes.  A small,  portable  pump  that  can 
be  worn  on  your  belt  will  be  used  to  administere  the  vinblastine  over  the  5 days.  You  will  be 
taught  about  the  care  and  use  of  this  pump  and  what  to  do  if  it  stops  working  properly.  G-CSF 
will  be  given  to  you  by  an  under  the  skin  injection  beginning  on  Day  6 daily  to  help  your  blood 
counts  recover.  The  G-CSF  wili  be  stopped  when  your  blood  counts  are  in  the  safe  range.  You 
or  a family  member  will  be  taught  how  to  give  the  injection  under  the  skin  so  G-CSF  can  be 
administered  at  home.  The  vinblastine  will  be  given  to  you  every  3 to  4 weeks  for  as  long  as 
your  breat  cancer  is  improving.  The  side  effects  of  vinblastine  include  nausea  and  vomiting,  hair 
loss,  mouth  sores,  constipation,  numbness,  and  pain  in  the  jaw,  arms  and  legs.  In  general,  these 
side  effects  resolve  when  the  drug  is  stopped  In  addition,  vinblastine  can  lead  to  a decrease  in 
your  blood  counts  which  can  increase  your  risk  of  infection  or  bleeding. 

RISKS,  TOXICITIES  AND  INCONVENIENCES 


Each  drug  in  the  ICE  regimen  is  toxic  and  has  side  effects  which  could  cause  any,  oall 
omone  of  the  following:  nausea  and  vomiting;  sore  mouth  and  throat,  diarrhea  which  may 
become  bloody;  lowering  of  the  white  blood  cell  count,  platelet  count  and  red  blood  cell  count; 
increased  risk  of  infection;  loss  of  body  and  scalp  hair,  lung  damage  with  difficulty  breathing; 
difficulty  walking,  muscle  weakness,  and  numbness  and  tingling  of  your  hands  and  feet; 
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confusion,  difficulty  thinking  and  coma;  damage  to  the  liver,  heart,  and  kidneys;  bladder 
irritation  with  bleeding;  skin  damage  due  to  local  infiltration  of  drug;  genetic  risk  to  a baby  if 
you  become  pregnant;  a new  tumor  in  another  organ;  irregular  menstrual  periods  or  stopping  of 
menses  and  sterility.  Because  bone  marrow  transplant  uses  very  high  and  toxic  doses  of 
chemotherapy,  patients  may  die  from  a side  effect  of  any  of  these  drugs  or  from  bleeding  or 
infection  during  the  period  of  low  blood  counts.  In  studies  from  other  medical  centers,  up  to 
15%  of  patients  have  died  from  bone  marrow  transplant.  Additionally,  permanent  and  serious 
damage  may  occur  to  vital  organs,  and  there  is  the  risk  of  an  uncommon  or  previously  unknown 
side  effect  occurring  from  the  chemotherapy.  Because  of  these  toxicides  we  may  need  to 
transfer  you  to  the  intensive  care  unit  for  medical  treatment  if  you  become  seriously  ill.  Should 
this  occur,  your  physicians  will  discuss  with  you  your  designating  a Durable  Power  of  Attorney 
for  Health  Care,  i.e.,  a person  who  can  speak  for  you  in  the  event  you  are  too  ill  to  do  so  for 
yourself.  High  dose  therapy  with  ICE  chemotherapy  is  relatively  new  (approximately  50  patients 
have  been  trated  at  NCI  with  ICE)  and  there  is  also  a risk  of  more  serious  or  unknown  side 
effects  due  to  the  combination  of  these  drugs  in  high  doses.  In  very  high  doses,  ifosfamide  may 
cause  sleepiness,  confusion,  and  damage  to  your  kidneys  and  bladder  with  blood  in  your  urine. 

In  high  doses,  CBDCA  may  cause  loss  of  hearing  and  damage  to  your  nerves,  confusion,  liver 
and  kidney  damage.  You  will  also  receive  the  drug  MESNA  which  protects  your  urinary  bladder 
from  damage  caused  by  ifosfamide.  MESNA  may  cause  nausea,  vomiting  and  diarrhea. 

G-CSF  can  cause  the  following  side  effects:  bone  pain,  muscle  aches,  headache,  elevated 
liver  enzymes  in  the  blood,  elevated  uric  acid  (may  lead  to  kidney  stones),  enlarged  spleen,  and 
worsening  of  pre-exisiting  inflammatory  diseases  such  as  psoriasis  or  vasculities.  Allergic 
reactions  including  chest  pain  and  a decrease  in  blood  pressue  have  been  seen  rarely  with  the 
first  injection. 

COMMUNICATIONS 

The  NCI  physicians  involved  in  your  care  are  available  to  answer  all  of  your  questions 
concerning  this  protocol.  The  principal  investigator  is  Dr.  Joyce  O’Shaughnessy  and  can  be 
reached  at  (301)496-4916  to  answer  your  questions.  The  NIH  patients’  rights  representative, 
Betty  Schwering  (496-2626)  will  be  available  to  answer  questions  you  maybe  have  concerning 
your  involvement  in  this  study  or  your  rights  as  a research  subject.  A copy  of  this  informed 


PATIENT  IDENTIFICATION 


CONTINUATION  SHEET  for  either: 
NIH-251  4-1  (10-84) 

NIH-2514-2  (10-84)  P.A.: 


09-25-0099 


Recombinant  DNA  Research,  Volume  16 


[131] 


MEDICAL 

RECORD 


CONTINUATION  SHEET  for  either: 

NIH  2514-1,  Consent  to  Participate  in  A Clinical  Research  Study 
NIH  2514-2,  Minor  Patient’s  Assent  to  Participate  in  A Clinical 
Research  Study 


STUDY  NUMBER: 


CONTINUATION:  page of page: 


consent  is  on  file  with  the  Clinical  Research  Committee  of  the  National  Cancer  Institute  and  a 
copy  is  available  to  you  when  you  sign  it  and  at  any  future  time.  Your  participation  in  this  study 
is  entirely  voluntary.  However,  if  you  decide  to  withdraw  from  this  study  during  the  period  of 
low  white  count  and  platelets  following  transplant  (approximately  6 weeks),  you  will  be  at  great 
risk  of  medical  complications  and  death.  Your  refusal  to  participate  in  this  study  will  involve  no 
loss  of  benefits  to  which  you  are  entitled,  nor  will  your  refusal  in  any  way  penalize  your  care. 

Confidentiality  will  be  maintained  during  this  study.  When  results  of  the  study  are  discussed 
in  medical  meetings  or  journals,  the  identification  of  those  taking  part  is  withheld  Medical 
records  or  patients  are  held  in  strict  confidence  according  to  law  but  they  may  be  made  available 
for  review,  as  required  by  the  U.S.  Food  and  Drug  Administration,  under  the  guidelines 
established  by  the  Federal  Privacy  Act  The  National  Cancer  Institute,  the  FDA,  or  the  relevant 
drug  companies  may  review  your  records.  Upon  completion  of  this  study,  you  will  be  given  the 
option  of  participating  in  additional  research  protocols  that  may  be  appropriate  for  you.  It  is 
important  to  stress  that  participating  in  this  protocol  does  not  constitute  a promise  of  long  term 
care  here  at  the  NIH  Clinical  Center.  If  there  is  no  research  study  that  is  suitable  for  you, 
however,  you  will  be  returned  to  the  care  of  your  private  physician,  or  to  alternative  sources 
closer  to  home.  It  is  conceivable  that  participating  in  this  study  might  make  you  ineligible  to 
participate  in  certain  other  research  protocols  because  the  requirements  for  entry  into  these 
protocols  may  disallow  patients  who  have  been  on  certain  drugs.  You  may  decide  now  now  to 
receive  treatment  in  this  study  or  you  may  choose  at  any  point  to  study  the  drug  and  withdraw 
from  the  protocol;  in  either  case,  you  would  be  returned  to  the  care  of  your  referring  physician. 
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OTHER  PERTINENT  INFORMATION 


Confidentiality.  When  results  of  a study  as  this  are  reported  in  medical  journals  or  at  meetings,  the  identification  of 
those  taking  part  is  withheld.  Medical  records  of  Clinical  Center  patients  are  maintained  according  to  current  legal 
requirements,  and  are  made  available  for  review,  as  required  by  the  Food  and  Drug  Administration  or  other 
authorized  users,  only  under  the  guidelines  established  by  the  Federal  Privacy  Act 

Policy  Regarding  Research-Related  Injuries.  The  Clinical  Center  will  provide  short-term  medical  care  for  any 
physical  injury  resulting  from  your  participating  in  research  here.  Neither  the  Clinical  Center  nor  the  Federal 
government  will  provide  long-term  medical  care  or  financial  compensation  for  such  injuries,  except  as  may  be 
provided  through  whatever  remedies  are  normally  available  under  law. 

Payments.  If  you  are  a patient,  you  are  not  paid  for  taking  part  in  NIH  studies.  Exceptions  for  volunteers  will  be 
guided  by  Clinical  Center  policies. 

Problems  or  Questions.  Should  any  problem  or  question  arise  with  regard  to  this  study,  with  regard  to  your  rights 
as  a participant  in  clinical  research,  or  with  regard  to  any  research-related  injury,  you  should  contact  the  principal 
investigator , or  these  other  staff  members  also  involved  in  this  study: 


Building , Room . Telephone  (301) . 

National  Institutes  of  Health;  Bethesda,  Maryland  20892 

Consent  Document.  It  is  suggested  that  you  retain  a copy  of  this  document  for  your  later  reference  and  personal 
records. 


COMPLETE  APPROPRIATE  ITEM  BELOW,  A OR  B; 


A.  Adult  Patient’s  Consent 
I have  read  the  explanation  about  this 
study  and  have  been  given  the 
opportunity  to  discuss  it  and  to 
ask  questions.  I hereby  consent 
to  take  part  in  this  study. 


B.  Parent’s  Permission  for  Minor  Patient 
I have  read  the  explanation  about  this  study  and  have 
been  given  the  opportunity  to  discuss  it  and  to  ask 
questions.  I hereby  give  permission  for  my  child  to 
take  part  in  this  study.  (Attach  NIH  2514-2,  Minor’s 
Assent,  if  applicable). 


Signature  and  Date  Signed 


Signature  of  Parent  and  Date  Signed 


Relationship  if  other  than  Parent 


Signature  of  Witness  & Date 


Signature  of  Witness  and  Date 
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INSTITUTE:  NATIONAL  CANCER  INSTITUTE 

STUDY  NUMBER: PRINCIPAL  INVESTIGATOR: Joyce  O’Shaughnessy,  MX). 

STUDY  TITLE:Retroviral-Mediated  Gene  Transfer  of  Bone  Marrow  Cells  During 
Autologous  Bone  Marrow  Transplantation  for  Metastatic  Breast  Cancer 


INTRODUCTION 

We  invite  you  to  take  part  in  a research  study  at  the  National  Institutes  of  Health.  It  is 
important  that  you  read  and  understand  several  general  principles  that  apply  to  all  that  take  part 
in  our  studies:  (a)  taking  part  in  the  study  is  entirely  voluntary;  (b)  personal  benefit  will  not 
result  from  taking  part  in  this  study,  but  knowledge  may  be  gained  that  will  benefit  others;  (c) 
you  may  withdraw  from  the  study  at  any  time  without  penalty  or  loss  of  any  benefits  to  which 
you  are  otherwise  entitled.  The  nature  of  the  study,  the  risks,  inconveniences,  discomforts,  and 
other  pertinent  information  about  the  study  are  discussed  below.  You  are  urged  to  discuss  any 
questions  you  may  have  about  this  study  with  the  staff  members  who  explain  it  to  you. 

NATURE  OF  STUDY 

Autologous  bone  marrow  transplantation  is  a treatment  with  potential  benefit  for  metastatic 
breast  cancer.  Autologous  bone  marrow  transplantation  and  its  risks  have  been  explained  to  you 
in  a separate  Informed  Consent  document  and  you  have  agreed  to  be  enrolled  in  our 
transplantation  protocol.  Youare  being  asked  to  take  part  in  a research  study  of 
“retroviral-mediated  gene  transfer”  of  bone  marrow  cells  used  during  autologous  bone  marrow 
transplantation. 

The  intent  of  this  protocol  is  to  treat  you  with  high  dose  chemotherapy  and  to  then  give  you 
back  your  bone  marrow,  part  of  which  has  been  “marked”  with  a special  gene  described  below. 
The  goal  of  this  study  is  to  determine  whether  it  is  possible  to  put  a new  gene  into  bone  marrow 
cells  that  will  stay  in  your  body  for  several  months  or  more.  It  is  not  yet  known  whether  it  is 
possible  to  successfully  place  new  genes  into  patients’  bone  marrow  cells  and  to  have  the  genes 
stay  in  the  bone  marrow  cells  over  several  months.  If  this  could  be  accomplished,  it  would 
represent  an  important  potential  advance  in  the  treatment  of  many  diseases.  We  may  also  learn 
important  information  that  could  improve  the  safety  and  usefulness  of  autologous  transplantation 
in  breast  cancer. 

You  are  being  asked  to  take  part  in  a research  study  that  will  try  and  accomplish  the 
placement  of  a bacterial  gene  called  neo  into  your  bone  marrow  cells.  Part  of  the  study 

D 

involves  testing  bone  marrow  cells  periodically  to  see  whether  the  neo  gene  is  in  your  bone 
marrow  cells  and  how  long  the  gene  stays  there.  The  new  technology  involved  in  this  research 

protocol  is  called  “retroviral-mediated  gene  transfer.”  It  will  be  used  to  put  a gene  ('neo  ) mto 
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some  of  your  bone  marrow  cells  prior  to  transplantation.  It  is  important  to  understand  that  the 
introduction  of  this  gene  will  not  benefit  you  in  any  way.  It  is  possible  that  this  study  may  lead 
to  improved  bone  marrow  transplantation  therapies  for  others  in  the  future.  The  purpose  of  the 
study  is  to  assess  the  safety  of  this  procedure  and  to  determine  if  “retroviral-mediated  gene 
transfer”  will  enable  the  successful  transfer  of  a gene  into  patient’s  bone  marrow  cells. 

EVALUATION  AND  PROCEDURES 


If  you  decide  to  participate  in  this  study,  special  laboratory  techniques  will  be  used  to  insert 
a gene  into  a portion  of  your  bone  marrow  stem  cells  after  they  are  harvested.  These  treated 
bone  marrow  cells  are  referred  to  as  “marked”  bone  marrow  cells.  A gene  is  part  of  a 
chromosome  (hereditary  material)  that  contains  the  information  a cell  needs  to  make  proteins. 

By  inserting  a gene  into  your  bone  marrow  cells  it  will  be  possible  to  distinguish  the  marked 
bone  marrow  cells  from  all  other  cells  in  your  body. 

The  following  procedure  will  be  used  to  insert  the  gene  into  your  bone  marrow  cells.  Your 
bone  marrow  cells  will  be  obtained  by  a bone  marrow  harvest  in  the  operating  room  using  the 
regular  procedure  for  harvest  This  has  been  explained  to  you  in  a separate  consent  document  for 
autologous  transportation.  It  will  not  be  necessary  to  obtain  any  more  bone  marrow  than  is 
normally  taken  during  a bone  marrow  harvest  Therefore,  there  will  be  no  additional  needle 
aspirations  or  additional  anesthesia  time.  The  major  portion  of  the  marrow  harvested  will  be 
handled  in  the  usual  fashion  and  will  not  be  treated  by  retroviral-mediated  gene  transfer.  A 
portion  of  marrow  (no  more  than  30%)  will  undergo  retroviral-mediated  gene  transfer.  In  this 
30%  portion,  the  cells  to  undergo  the  gene  transfer  will  be  separated  from  the  other  bone  marrow 
and  blood  cells  by  attaching  a special  antibody  to  them  and  then  physically  removing  only  the 
cells  that  can  pick  up  the  antibody.  This  procedure  is  called  “immunoadsorption”  and  it  allows 
us  to  separate  the  more  immature  stem  cells  out  of  your  bone  marrow  and  blood  cells.  These 
immature  cells  are  the  ones  used  for  the  gene  transfer.  The  physical  separation  of  the  immature 
cells  attached  to  the  special  antibody  is  done  by  a laboratory  machine  called  an 
immunoadsoprtion  column.  The  column  to  be  used  in  this  protocol  is  experimental  and  has  been 
approved  by  the  FDA  for  use  in  transplantation  studies  such  as  this. 

Once  the  immature  blood  cells  are  separated  and  the  antibody  removed  from  them,  they  are 
mixed  together  in  the  laboratory  with  three  substances  called  growth  factors  which  help  the 

blood  cells  divide.  Also  mixed  with  the  blood  cells  is  the  retroviral  vector  that  carries  the  neo— 
gene  into  the  blood  cells.  The  vector  is  an  organism  that  carries  material  from  one  cell  to 
another.  Retroviral  vectors  are  prepared  from  a disabled  type  of  mouse  virus  that  does  not  have 

the  ability  to  reproduce.  The  vector  enters  the  blood  cells  and  puts  the  neo^  gene  into  the  cells 
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genetic  material  (chromosomes).  Once  in  the  chromosomes,  the  neo^  gene  will  survive  as  long 

as  the  cell  survives.  The  neo^  gene  serves  no  function  in  the  blood  cells,  but  rather  “marks” 
them  so  we  can  identify  them.  The  blood  cells,  vector  and  three  growth  factors  are  put  together 
in  a mixture  called  a culture  for  3 days.  After  this,  the  cells  are  removed  from  the  culture  and 
“washed”  to  remove  any  extra  virus  or  growth  factor  attached  to  them.  The  “marked”  cells  are 
then  frozen  and  are  returned  to  you  at  the  time  of  transplantation  along  with  the  bone  marrow* 
and  blood  cells  that  have  not  been  exposed  to  the  vector.  You  will  receive  enough  of  your 
normal,  unchanged  bone  marrow  cells  to  produce  blood  count  recovery  in  the  expected  time 
period  after  high  dose  chemotherapy. 

The  standard  blood  drawings  and  tests  that  are  required  following  bone  marrow 
transplantation  will  be  performed.  These  have  all  been  explained  to  you  in  a separate  consent 
document.  During  your  hospitalization  and  after  you  are  discharged,  blood  samples  will  be 

D 

drawn  to  study  your  blood  counts  and  to  determine  whether  the  neo^  gene  is  present  in  the  blood 
cells.  Approximately  two  extra  teaspoons  of  blood  will  be  drawn  three  times  a week  for  these 
research  studies.  Bone  marrow  aspirations  will  be  obtained  at  2, 4,  and  6 weeks  after  your  bone 

p 

marrow  is  given  back  to  you  to  test  for  the  presence  of  the  neop"  gene.  You  will  be  given  local 
anesthesia  for  these  bone  marrow  aspiration.  The  side  effects  of  the  biopsies  include  pain, 
bleeding  and  infection.  These  bone  marrow  aspirations  are  scheduled  as  part  of  the 
transplantation  protocol  to  keep  track  ofyour  bone  marrow  recovery.  No  extra  bone  marrow 
aspirations  will  be  done  because  of  the  gene  marking  protocol  while  you  are  hospitalized,  but  an 

p 

extra  one  teaspoon  of  marrow  will  be  taken  during  the  exam  to  test  for  the  neo^.  You  will 
return  monthly  to  NCI  for  evaluation  after  you  are  discharged  from  the  hospital.  Four  extra 
teaspoons  of  blood  will  be  drawn  from  you  each  month  and  a bone  marrow  aspiration  will  be 

D 

obtained  every  three  months  to  determine  whether  your  bone  marrow  cells  contain  the  neo — 
gene.  After  this,  you  will  return  to  NCI  every  two  months  at  which  time  4 teaspoons  of  blood 

p 

and  a bone  marrow  biopsy  will  be  obtained  if  your  bone  marrow  cells  contain  the  neo^  gene. 

p 

No  further  bone  marrow  biopsies  will  be  obtained  if  the  neo^  gene  cannot  be  found  on  two 
successive  bone  marrow  biopsies  after  you  are  discharged.  We  request  that  you  return 
periodically  to  the  NCI  for  the  rest  of  your  life  so  that  we  may  follow  you  for  any  side  effects 
that  may  occur.  Should  you  die,  for  any  cause,  we  will  request  that  an  autopsy  be  performed  to 

p 

study  whether  the  neop-  gene  is  present  in  your  body. 
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If  your  tumor  relapses  or  is  found  in  a new  part  of  your  body  after  bone  marrow  transplant,  a 

biopsy  of  this  tumor  will  be  obtained  under  local  anesthesia  to  look  for  the  presence  of  the  neo^- 
gene  in  the  tumor  cells.  The  risks  from  this  biopsy  include  pain,  bleeding,  infection  or  a 
punctured  lung. 

After  the  bone  marrow  transplantation  you  may  be  asked  to  undergo  a process  called 

■p 

apheresis  to  obtain  blood  cells  to  study  whether  the  neo—  gene  is  inside  them.  During  apheresis, 
blood  is  withdrawn  via  a needle  placed  in  one  aim,  and  channeled  into  a cell  separator  machine. 
The  machine  separates  the  white  cells  from  the  remaining  blood  elements.  Your  red  cells  and 
the  rest  of  your  blood  will  be  returned  to  you  through  a needle  placed  in  your  other  arm.  This 
procedure  allows  for  the  collection  of  large  number  of  white  cells  without  removing  a lot  of 
blood,  since  most  of  what  is  withdrawn  is  put  back.  Furthermore,  all  of  the  blood  that  is  returned 
is  your  own;  you  will  not  receive  the  blood  of  another  individual.  The  entire  procedure  takes  one 
to  two  hours  and  will  be  performed  in  the  Apheresis  Center  of  the  NIH  Blood  Bank.  Adverse 
reactions  to  the  apheresis  procedures  are  rare.  They  include  pain  and  rarely  fainting  due  to 
transient  lowering  of  the  blood  pressure.  Tingling  sensations  around  the  mouth,  fingers  or  toes 
and  mild  muscle  cramps  may  occasionally  occur  as  a side  effect  of  the  blood  thiner  used  during 
the  procedure.  These  symptoms  are  easily  treated  by  stopping  the  procedure  or  giving  Turns 
(calcium  containing  tablets).  This  procedure  may  be  performed  on  more  than  one  occasion, 

D 

depending  on  how  long  the  neo^-  gene  remains  in  your  cells. 

RISKS  AND  TOXICmES 

No  side  effects  from  the  neo^  marker  gene  and  the  transporter  virus  to  be  used  in  this 
protocol  have  been  seen  in  animal  studies  or  in  the  very  limited  human  studies  on  gene  transft 
which  began  in  May,  1989.  However,  since  this  is  a very  new  procedure,  the  risks  may  not  be 
known.  There  are  some  theoretical  risks  to  this  procedure.  First,  even  though  the  virus  used  to 
insert  the  gene  into  your  bone  marrow  cells  cannot  grow  and  is  considered  harmless,  it  is 
possible  that  events  could  occur  within  the  cells  that  allow  the  virus  to  grow  or  cause  the  cell  to 
become  cancerous.  It  is  also  theoretically  possible  that  you  could  become  infected  with  the 
virus.  Since  this  has  never  happened,  the  consequences  of  such  an  infection  are  unknown.  It  is 

possible  that  the  bone  marrow  cells  containing  the  neo^  gene  could  delay  your  bone  marrow 
recovery.  We  believe  this  is  unlikely  because  enough  normal  marrow  will  also  be  given  back  to 
you  to  allow  for  normal  recovery,  but  we  cannot  be  sure.  Also,  the  inserted  gene  produces  a 
substance  that  inactivates  the  antibiotics  neomycin  and  amikacin.  These  antibiotics  are  rarely 
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used  during  bone  marrow  transplantation  or  other  medical  care.  The  antibiotics  routinely  used 
are  not  inactivated,  and  these  will  be  given  to  you  to  treat  any  bacterial  infections  that  might 
occur. 

It  is  possible  that  breast  cancer  cells  that  may  be  present  in  small  numbers  in  your  bone 

marrow  may  also  be  infected  with  the  neo^-  gene.  We  will  study  whether  this  is  the  case  by 
biopsying  your  tumor  should  it  come  back  after  bone  marrow  transplant  We  do  not  believe  that 

D 

you  would  be  harmed  should  a breast  cancer  cell  in  the  bone  marrow  receive  this  neo^  gene; 

however,  little  information  exists  about  this.  It  is  possible  that  the  neo^-  gene  could  alter  the 
breast  cancer  cell  making  it  more  or  less  malignant  We  believe  this  is  unlikely,  but  can’t  be 

sure.  It  is  also  possible  that  the  growth  factors  used  to  put  the  neo^  gene  into  the  bone  marrow 
cells  could  cause  breast  cancer  cells  to  grow.  We  believe  that  these  possibilities  are  unlikely  to 
cause  you  any  harm  if  they  did  happen,  but  we  can’t  be  sure.  There  is  also  a small  possibility 

that  you  could  have  an  allergic  reaction  to  the  “marked”  cells  with  the  neo^  gene  due  to  residual 
antibody  that  could  be  attached  from  the  immunoadsorption  column  on  residual  growth  factors 
that  could  be  attached  from  the  culture.  We  think  it  is  unlikely  that  any  small  amount  of 
antibody  or  growth  factor  attached  to  the  cells  would  cause  you  any  harm,  including  an  allergic 
reaction,  but  it  is  theoretically  possible.  Should  an  allergic  reaction  occur,  the  physician  present 
while  you_are  receiving  the  cells  will  treat  you  for  the  reaction. 

Participation  in  this  study  is  entirely  voluntary.  You  may  choose  to  participate  or  you 
may  withdraw  from  the  gene  transfer  study  at  any  time  up  to  the  time  of  infusion  of  the  bone 
marrow.  Enough  bone  marrow  has  been  harvested  to  be  able  to  proceed  with  the  transplantation 

even  without  the  cells  that  are  treated  with  the  necA^  gene.  If  you  withdraw  your  consent,  the 
gene-marked  cells  will  not  be  infused.  In  the  event  that  you  do  withdraw  your  consent  after 
harvest,  but  do  go  ahead  with  transplantation,  the  course  of  your  disease  will  be  followed  on  a 
regular  basis  at  NIH.  You  are  encouraged  to  ask  any  questions  that  you  may  have  and  to  take  as 
much  time  as  you  need  to  make  your  decision. 

The  costs  of  hospitalization,  treatment,  and  laboratory  procedures  related  to  the  bone  marrow 
transplantation  that  are  provided  at  NIH  are  also  paid  for  by  NIH.  It  is  important  to  understand 
that  NIH  cannot  pay  for  tests  or  medical  care  that  you  receive  outside  of  NIH. 
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OTHER  PERTINENT  INFORMATION 


Confidentiality.  When  results  of  a study  as  this  are  reported  in  medical  journals  or  at  meetings,  the  identification  of 
those  taking  part  is  withheld.  Medical  records  of  Clinical  Center  patients  are  maintained  according  to  current  legal 
requirements,  and  are  made  available  for  review,  as  required  by  the  Food  and  Drug  Administration  or  other  . 
authorized  users,  only  under  the  guidelines  established  by  the  Federal  Privacy  Act. 

Policy  Regarding  Research-Related  Injuries.  The  Clinical  Center  will  provide  short-term  medical  care  for  any 
physical  injury  resulting  from  your  participating  in  research  here.  Neither  the  Clinical  Center  nor  the  Federal 
government  will  provide  long-term  medical  care  or  financial  compensation  for  such  injuries,  except  as  may  be 
provided  through  whatever  remedies  are  normally  available  under  law. 


Payments.  If  you  are  a patient,  you  are  not  paid  for  taking  part  in  NIH  studies.  Exceptions  for  volunteers  will  be 
guided  by  Clinical  Cento-  policies. 


Problems  or  Questions.  Should  any  problem  or  question  arise  with  regard  to  this  study,  with  regard  to  your  rights 
as  a participant  in  clinical  research,  or  with  regard  to  any  research-related  injury,  you  should  contact  the  principal 
investigator . or  these  other  staff  members  also  involved  in  this  study: 


Buildine  . Room 

Telephone Y301) 

National  Institutes  of  Health;  Bethesda,  Maryland  20892 

Consent  Document  It  is  suggested  that  you  retain  a copy  of  this  document  for  your  later  reference  and  personal 
records. 

COMPLETE  APPROPRIATE  ITEM  BELOW.  A OR  B: 

A.  Adult  Patient's  Consent 
1 have  read  the  explanation  about  this 
study  and  have  been  given  the 
opportunity  to  discuss  it  and  to 
ask  questions.  1 hereby  consent 
to  take  part  in  this  study. 

B.  Parent’s  Permission  for  Minor  Patient 
1 have  read  the  explanation  about  this  study  and  have 
been  given  the  opportunity  to  discuss  it  and  to  ask 
questions.  1 hereby  give  permission  for  my  child  to 
take  part  in  this  study.  (Attach  NIH  2514-2,  Minor’s 
Assent,  if  applicable). 

Signature  and  Date  Signed 

Signature  of  Parent  and  Date  Signed 

Relationship  if  other  than  Parent 

Signature  of  Witness  & Date 

Signature  of  Witness  and  Date 
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PRECIS  OF  PROTOCOL 


Chronic  myelogenous  leukemia  is  a neoplastic  process  affecting  a 
primitive  hemopoietic  stem  cell  which  leads  to  an  increase  in  a 
broad  spectrum  of  differentiating  cells.  These  predominately 
myeloid  cells  enter  the  blood  to  produce  a leukocytosis  and  at 
times  a thrombocytosis,  and  infiltrate  organs  leading  to 
splenomegaly  or  hepatomegaly.  A characteristic  cytogenetic 
abnormality,  the  Philadelphia  translocation  (Ph+) , results  in  a 
molecular  rearrangement  with  transposition  of  the  abl  gene  from  its 
position  on  chromosome  9 to  a breakpoint  region  on  chromosome  22, 
termed  the  breakpoint  cluster  region  or  bcr.  The  bcr-abl  gene  is 
translated  into  a protein  with  tyrosine  kinase  activity  which  in 
animal  models  is  both  necessary  and  sufficient  to  produce  a 
myeloproliferative  disease.  Over  a period  of  years  the  human 
disease  becomes  resistant  to  treatment  or  evolves  to  a blastic 
phase  similar  to  acute  leukemia.  The  only  curative  therapy  for  CML, 
allogeneic  bone  marrow  transplantation,  is  usually  restricted  to  a 
minority  of  those  afflicted  with  the  disease  who  are  under  the  age 
of  50  and  who  have  a compatible  related  donor  or  unrelated  donor 
identified  through  the  National  Marrow  Donor  Program.  The  majority 
of  patients  with  CML  do  not  undergo  allogeneic  marrow 
transplantation  and  eventually  succumb  to  their  disease.  Several 
small  series  have  been  reported  in  which  autologous  marrow 
transplantation  has  resulted  in  long-term  remission  with  complete 
reduction  or  suppression  of  the  Ph+  cells./  We  propose  a Phase  II 
trial  of  autologous  transplantation  of  patients  with  CML.  In  an 
effort  to  induce  a population  of  Ph-  cells  prior  to  harvest,  we 
propose  to  pre-treat  patients  with  interferon  and  intensive 
cytoreductive  chemotherapy.  Peripheral  blood  stem  cells  (PBSC)  and 
marrow  are  then  harvested  and  patients  go  on  to  receive  high  dose 
cyclophosphamide,  total  body  irradiation  and  PBSC/marrow 
transplantation  followed  by  interferon  maintenance  therapy  after 
recovery  of  bone  marrow  function.  The  results  will  be  compared  to 
previously  published  studies.  The  initial  patients  will  have  small 
aliquots  of  harvested  bone  marrow  and  peripheral  blood  cells 
utilized  for  in  vitro  studies  to  assess  frequency  of  Ph+  cells  and 
the  infectivity  of  purified  stem,  progenitor  and  tumor  cells  with 
retroviral  vectors.; In  subsequent  patients  we  “will  propose,  m an 
amendment  to  this  protocol,  the  use  of  retroviral-mediated  gene 
transfer  to  genetically  mark  peripheral  blood  and  bone  marrow 
populations  in  an  effort  to  understand  the  relative  contribution  of 
each  to  hematopoietic  reconstitution  and  to  relapse  of  the 
malignant  process.  We  anticipate  that  these  initial  studies  will 
form  the  basis  for  future  genetic  therapy  of  CML  perhaps  via 
production  of  gene  products  such  as  leukemia  inhibitory  factor  by 
normal  bone  marrow  cells. 
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1.0  Objectives 


1.1  To  evaluate  the  safety  and  efficacy  of  a series  of 
sequential  treatments  for  patients  with  CML,  where  each 
treatment  is  designed  to  induce  a population  of  Ph- 
cells  (see  schema) : 

1.11  Initial  therapy  with  interferon  alpha  in  patients 
with  1st  chronic  phase  disease 

12  Treatment  with  cytoreductive  chemotherapy  (high 
dose  cytarabine,  daunorubicin,  followed  by  G-CSF) 
and  collection  of  Ph-  enriched  peripheral  blood 
stem  cells  (PBSC)  during  the  marrow  recovery  phase 

1.13  After  marrow  harvest  treatment  with  high  dose 
cyclophosphamide/TBI  and  autologous  PBSC/marrow 
transplantation 

1.14  Post-transplant  maintenance  treatment  with 
interferon  alpha 

1.2  To  investigate  in  vitro  the  feasibility,  safety  and 
efficacy  of  possible  genetic  therapy  approaches  to  the 
treatment  of  CML  using  retroviral  vectors,  in  hopes  of 
applying  these  approaches  in  future  autologous 
transplantation  protocols. 
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2.0  Rationale  for  Current  Protocol  and  Study  Outline: 

Patients  with  CML  who  lack  a suitable  related  or 
unrelated  marrow  donor  eventually  succumb  to  their  disease. 
Recently,  a number  of  approaches  have  shown  the  capacity  to 
induce  populations  of  Ph-  cells.  In  vivo  treatments  such  as 
interferon,  intensive  cytoreductive  chemotherapy  without 
transplant  and  the  autotransplant  process  itself  have  been 
shown  to  generate  Ph-  cells.  4 In  some  patients,  complete 
remissions  have  been  sustained  for  over  5 years.4  We 
propose  to  treat  patients  with  combined  sequential 
approaches  where  each  therapy  is  designed  to  induce  a 
maximum  number  of  Ph-  cells  prior  to  collection  of 
autologous  peripheral  blood  stem  cells  and  marrow. 

Treatment  approaches  will  differ  depending  on  whether 
the  patient  has  early  or  advanced  stage  disease  (see 
schema) . Based  on  the  success  of  interferon  alpha  in  early 
CML,  patients  with  first  chronic  phase  CML,  designated  Group 
1,  will  receive  treatment  with  interferon  alpha  continued  to 
a point  of  maximum  cytogenetic  response.  Then,  interferon 
treated  patients  in  the  chronic  phase  (excluding  those  who 
achieve  a complete  hematologic  and  cytogenetic  remission) 
will  receive  cytoreductive  therapy  with  high  dose  cytarabine 
and  daunorubicin  followed  by  G-CSF  to  generate  additional 
Ph-  cells.  During  recovery  from  this  therapy  peripheral 
blood  stem  cells  will  be  harvested  and  stored. 

At  least  two  weeks  later  patients  will  be  treated  with 
5-f luorouracil  (5-FU)  and  marrow  will  be  harvested  and 
stored  10  days  later.  5-FU  has  been  found  to  enrich  marrow 
for  cycling  progenitor  cells  such  as  HPP-CFC  and  CFU-C.5 
Also,  5-FU  has  been  used  in  murine  systems  and  non-human 
primate  models  to  enhance  retroviral  transduction  of 
progenitor  cells.6 

As  soon  as  possible  (at  least  within  12  months  of 
harvesting) , or,  if  CML  progresses  to  advanced  stage 
disease,  patients  in  Group  1 will  undergo  high  dose 
cyclophosphamide/TBI  and  infusion  of  peripheral  blood  stem 
cells/autologous  bone  marrow.  Post-transplant  G-CSF  will  be 
given  to  all  patients  to  enhance  marrow  recovery. 

In  contrast,  patients  with  advanced  CML,  Group  2 
(accelerated  phase,  interferon  resistance,  blast  phase,  > 

1st  chronic  phase) , will  not  receive  interferon  initially 
since  it  is  rarely  effective  in  patients  with  advanced 
disease.  Instead  patients  will  be  treated  with  high  dose 
cytarabine,  daunorubicin  followed  by  G-CSF  to  re-establish 
chronic  phase  disease  and  potentially  generate  Ph-  cells. 

(for  patients  with  suspected  lymphoblastic  crisis,  a 
vincristine/prednisone  regimen  will  be  employed  prior  to 
cytoreductive  therapy) . Like  patients  in  Group  1,  patients 
in  Group  2 will  undergo  peripheral  blood  collection  during 
the  recovery  phase  from  cytoreductive  chemotherapy  and 
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marrow  harvesting  after  5-FU.  Since  Group  2 patients  are  at 
high  risk  for  early  relapse  or  progression,  patients  will 
proceed  immediately  to  treatment  with  high  dose 
cyclophosphamide/TBI  and  autologous  PBSC/marrow 
transplantation  coupled  with  G-CSF. 

After  hematologic  recovery  from  transplant,  all 
patients  in  both  groups  will  receive  interferon  since 
responses  to  interferon  post-transplant  have  been  observed 
even  in  patients  who  demonstrate  interferon-resistance  pre- 
transplant.2 

We  plan  to  carry  out  a Phase  II  study  of  24  patients 
accomplished  jointly  at  the  NIH  and  the  University  of 
Virginia.  The  therapeutic  endpoints  of  this  study  will 
include  an  assessment  of  toxicity,  response  (clinical, 
hematologic,  and  cytogenetic) , relapse-free  survival  and 
overall  survival. 

We  plan  to  carry  out  a number  of  studies  utilizing 
molecular,  in  vitro  culture  and  cell  sorting  techniques  on 
small  aliquots  of  patient  bone  marrow  and  peripheral  blood 
stem  cell  harvests  obtained  pre-transplant,  and  on 
diagnostic  samples  obtained  post-transplant  and  at  the  time 
of  relapse.  Patient  marrow  and  blood  samples  will  undergo 
purification  for  stem  cell/progenitor  cell  populations  using 
CD34+  column  separation.  Cell  populations  will  be  evaluated 
for  infectivity  with  retroviral  vectors  and  the  effect  of 
growth  factors  such  as  stem  cell  factor,  IL-3  and  IL-6  on 
potentiation  of  leukemic  cell  growth;  transduced  cells  will 
be  evaluated  for  long  term  bone  marrow  repopulating  ability 
in  long  term  culture  with  cell  supernatants  evaluated  for 
progenitor  cell  content  and  neomycin  resistance,  polymerase 
chain  reaction  (PCR)  to  detect  NEO  gene  or  reverse 
transcriptase  PCR  to  detect  bcr-abl  mRNA  in  individual 
colonies . 

Future  plans: 

After  analysis  of  the  in  vitro  studies  outlined  above, 
we  plan  to  incorporate  a gene  marking  procedure  into  this 
protocol.  Specifics  of  the  gene  marking  protocol  will  be 
submitted  to  the  IRB  and  to  the  Recombinant  DNA  Advisory 
Committee  as  a protocol  amendment  at  a later  date.  We  would 
plan  to  enrich  a portion  of  both  the  harvested  bone  marrow 
and  peripheral  blood  for  early  progenitor  and  stem  cells  via 
CD34  positive  selection,  and  expose  the  cells  to  supernatant 
containing  a replication  incompetent  retroviral  vector  which 
carries  the  bland  marker  gene  for  neomycin  resistance. 
Exposure  to  viral  supernatant  will  be  carried  out  under 
conditions  previously  shown  by  many  laboratories,  including 
our  own,  to  be  necessary  for  efficient  retroviral 
transduction,  including  a prolonged  co-culture  with 
autologous  or  allogeneic  marrow  stroma,  and  use  of 
hematopoietic  growth  factors  to  preserve  viability  and 
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increase  the  efficiency  of  transduction.  Two  different 
marking  vectors  will  be  used  to  mark  the  bone  marrow  and 
peripheral  blood  target  cells  respectively.  These  two 
vectors  will  be  distinguishable  by  PCR  analysis,  and  will 
allow  identification  of  cells  originating  from  the  marrow 
versus  the  peripheral  blood  graft  post-transplant.  The 
transduced  marrow  and  peripheral  blood  populations  will  be 
given  back  to  the  patients  along  with  non-transduced  marrow 
and  peripheral  blood.  The  kinetics  and  biology  of  autologous 
reconstitution  can  be  studied  if  successful  marking  of 
progenitors  or  stem  cells  is  obtained,  and  if  patients 
relapse  post-transplant,  the  presence  of  marked  tumor  cells 
will  indicate  that  the  origin  of  the  relapse  is  at  least  in 
part  from  the  autografted  marrow  or  peripheral  blood.  This 
type  of  information  could  help  guide  future  approaches  to 
autotransplantation,  especially  as  regards  the  need  for 
purging  autografts  of  residual  tumor  cells. 
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3 . 0 Background 

3 . 1 Treatment  of  Chronic  Myelogenous  Leukemia 
Allogeneic  Marrow  Transplantation  in  CML 

Chronic  myelocytic  leukemia  (CML)  is  a disease 
affecting  primarily  adults  between  the  ages  of  30  and  65. 
with  a maximum  incidence  at  approximately  45  years. 
Allogeneic  bone  marrow  transplantation  cures  over  50%  of 
patients  who  manifest  the  early  chronic  phase  of  disease 
( CML-CP) . 7 The  prospect  for  cure  in  advanced  disease  is 
poor.  In  the  accelerated  and  blast  phases  long-term  survival 
is  achieved  in  only  10-25%  of  patients.8  In  most  centers 
allogeneic  marrow  transplantation  is  limited  to  patients  who 
are  under  the  age  of  50.  Complications  associated  with 
increased  mortality,  such  as  acute  and  chronic  graft  versus 
host  disease,  are  more  frequent  in  older  patients.9 
Considering  these  factors  allogeneic  transplantation  is 
recommended  early  in  the  chronic  phase  of  the  disease  in 
patients  of  a suitable  age  if  a compatible  related  donor  is 
identified. 

Since  only  25-35%  of  patients  with  CML  have  a matched 
sibling  donor  suitable  for  transplant,  marrow  registries 
including  the  National  Marrow  Donor  Program  have  been 
established  with  over  400,000  potential  donors  available  for 
patients  who  lack  a related  donor.10  In  one 
multi-institutional  series  of  patients  with  CML-CP 
transplanted  with  matched,  unrelated  marrow  grafts,  survival 
appeared  somewhat  inferior  compared  to  patients  transplanted 
from  fully  matched  sibling  donors.11  Lower  survival  rates 
also  have  been  described  with  unrelated  donors  in  the 
National  Marrow  Donor  Program  (N.  Kernan,  personal 
communication) . Long  term  disease-free  survival  is 
achievable  with  unrelated  marrow  transplantation,  although 
the  risk  of  acute  mortality  related  to  graft  vs.  host 
disease  is  substantial.  Unfortunately,  only  30-35%  of 
patients  who  lack  a matched  sibling  donor  can  find  a 
compatible  donor  through  the  registry.12 

With  over  50-70%  of  patients  with  CML  unable  to  undergo 
allogeneic  marrow  transplantation,  new  strategies  must  be 
developed  to  improve  survival  and  provide  the  potential  for 
cure. 

Interferon  to  Suppress  Ph+  Cells  in  CML: 

Alpha  interferons  are  naturally  occurring  polypeptides 
with  properties  including  antiviral,  immunomodulatory,  and 
growth-regulatory  activities.  The  activity  of  alpha 
interferon  in  hematologic  diseases  such  as  CML  has  been 
established. 13,14  In  96  previously  treated  and  untreated 
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patients  with  early  chronic  phase  CML,  therapy  with 
interferon  alpha  resulted  in  a 73%  complete  clinical  and 
hematologic  remission.1  The  overall  median  duration  of 
hematologic  remission  and  survival  was  41  and  62  months 
respectively.  Twenty-seven  percent  of  patients  achieved  a 
major  cytogenetic  response  with  19%  attaining  a complete 
cytogenetic  response  (CCR)  determined  on  at  least  one 
cytogenetic  analysis.  Median  time  to  CCR  in  those  treated 
with  interferon  alpha  2a  was  12  months.  Eleven  patients 
continued  in  CCR  for  6-45  months  (median  30) . Patients  who 
failed  to  obtain  a major  cytogenetic  response  had 
significantly  shorter  durations  of  hematologic  relapse-free 
survival  (p=0.002). 

Unfortunately,  most  interferon  responsive  patients 
eventually  relapse  or  progress  by  manifesting  increased 
numbers  of  Ph+  cells.  Cytogenetic  responses  to  interferon- 
alpha  therapy  are  infrequent  and  brief  in  late  chronic  phase 
and  in  the  accelerated  and  blastic  phases.15 

Induction  Chemotherapy  to  Suppress  Ph+  Cells  in  CML: 

Kantarjian  and  co-workers  have  used  high  dose 
cytarabine  and  daunorubicin  to  induce  major  cytogenetic 
responses  in  interferon-resistant  patients  or  patients  who 
have  evolved  to  the  accelerated  or  blast  phases  of 
disease.2,3  Although  30-50%  of  patients  achieve  major 
cytogenetic  remissions,  responses  are  usually  brief  but  are 
sufficient  to  collect  peripheral  blood  or  marrow  stem  cells 
for  autologous  stem  cell  transplantation.  GM-CSF  is  added  to 
augment  myeloid  recovery  from  this  regimen  and  to  enhance 
the  collection  of  progenitor  cells.3 

Autologous  Marrow  Transplantation  and  5-FU  Modulation  of 
Human  Bone  Marrow; 

Following  chemotherapy  or  total  body  irradiation,  the 
capacity  for  stem  cell  renewal  is  dependent  on  the  dose  or 
amount  of  marrow  ablative  therapy  used.  As  a consequence, 
survival  of  humans  exposed  to  increasing  doses  of 
chemotherapy  and  total  body  irradiation  declines 
progressively  due  to  pancytopenia  and  failure  of  marrow 
recovery.  Autotransplantation  of  human  marrow  to  recipients 
with  recurrent  neoplastic  diseases  prepared  with  otherwise 
lethal  conditioning|  regimens  usually  leads  to  complete 
marrow  recovery.15'16 

Theoretically,  shortening  the  time  required  for  marrow 
recovery  would  improve  survival  and  lessen  morbidity. 
Techniques  to  shorten  recovery  in  humans  have  included  the 
use  of  recombinant  human  hemopoietic  growth  factors 
following  transplantation  of  stem  cells  16-21  or  the  use  of 
chemotherapy  mobilization  of  peripheral  blood  stem  cells 
with  or  without  growth  factors.22-27  In  one  report  the  use 
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of  G-CSF  following  standard  chemotherapy  for  breast  cancer 
led  to  increased  numbers  of  peripheral  blood  progenitor^ 
cells  generated  during  the  hematologic  recovery  phase. 

A number  of  other  approaches  in  different  animal 
systems  leads  to  enhanced  marrow  recovery  after  either 
radiation  cr  chemotherapy.  These  manipulations  have  included 
exposure  to_ low  dose  irradiation,  chemotherapy,  or 
endotoxins . ^”-4  Bradley  and  ccwcrkers  have  shown  an 
increased  ability  of  marrow  from  animals  "primed"  with 
5-f luorouracil  to  recover  when  narrow  was  transplanted  into 
otherwise  lethally  irradiated  animals.34 

In  19 vS  Bradley  and  Hodgson  described  the  high 
proliferative  potential  colony  forming  cell  (EPP-CFC)  , 
characterized  by  the  formation  of  large  colonies  of 
macrophages  (diameter  > .5  mm)  in  nutrient  agar  cultures  of 
normal  mouse  bone  marrow  and  bone  marrow  from  mice 
pretreated  with  5-f luorouracil  (5-FU) . ~4  Marrow  exposed  in 
vivo  to  5-FU  has  the  capacity  to  rapidly  repopulate  lethally 
irradiated  animals  over  a period  of  4 to  10  days.  The 
HFP-CFC  seems  to  correlate  with  marrow  renewal  potential. 
Colonies  formed  from  these  ceils  contain  an  average  of  5 x 
104*  cells  which  is  10  to  100  times  the  size  of  other 
colonies  such  as  CFU-C.  Multifactor  combinations  such  as 
GM-CSF  and  IL-3  in  agar  cultures  lead  to  the  formation  of 
EPP-CFC.35 

In  marrow  obtained  from  patients  following  treatment 
with  5 -FT  in  vivo,  McNiece  and  co-workers  have  described 
what  appears  to  be  the  human  equivalent  of  the  murine 
EPP-CFC.2  These  cells  occur  at  very  low  frequency  in  normal 
marrow  or  pre-FU  marrow  (approximately  1-1.5  per  100,000 
ceils  plated)  and  appear  to  be  generated  by  a 
synergistically  interacting  combination  of  growth  factors. 

5-FU  modulation  of  human  marrow  has  been  evaluated 
recently  as  an  alternative  source  of  hemopoietic 
reconstitution  following  autologous  marrow  transplantation. 
(F.M.  Stewart,  personal  communication)  Twenty-one  patients 
were  treated  with  5-FU  ( 15mg/kg-45mg/kg)  IV  for  1-3  days 
administered  6-22  days  prior  to  bone  marrow  harvest. 

Toxicity  of  the  5-FU  was  minimal.  Cerebellar  toxicity  was 
observed  in  several  patients  receiving  more  than  15  mg/kg 
per  day.  Numbers  of  CFU-C' s and  KPP-CFC' s were  increased  in 
marrow  in  patients  pre-treated  in  vivo  with  5-FU.  Although 
no  definite  correlation  between  dose  or  timing  of  5-FU 
administration  could  be  made  with  respect  to  CFC  generation, 
peak  CFU-C' s and  KPP-CFC's  tended  to  occur  in  patients 
treated  with  5-FU  14-13  days  and  10  days  prior  to  marrow 
harvest  respectively. 

Post-FU  marrow  was  infused  into  15  patients  following 
high  dose  cyclophosphamide,  BCNU,  and  etoposiae  (CBV) . 17 
(historical  controls)  were  treated  with  CBV  and  autologous 
marrow  transplantation  but  did  not  receive  5-FU  prior  to 
marrow  harvest.  The  groups  were  comparable  for  diagnosis  and 
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prior  therapy.  In  the  5-FU  treated  group  vs.  control,  median 
recovery  times  for  platelet  count  to  50,000/mm3  were  20  days 
and  30  days  respectively  (p=0.01)  and  for  platelet  count  to 
100,000/mm3  were  23  days  and  30  days  respectively  (p=0.007). 
Neutrophil  recovery  was  not  significantly  changed.  Thus, 

5-FU  treatment  of  patients  prior  to  marrow  harvest  results 
in  enrichment  of  multifactor  responsive  HPP-CFC  and  possibly 
provides  superior  platelet  recovery. 

In  addition,  5-FU  has  been  used  in  murine  systems  and 
primate  models  to  enhance  retroviral  transduction  of 
progenitor  cells  as  discussed  later.  Patients  in  this 
protocol  are  treated  with  5-FU  prior  to  marrow  harvest  in 
order  to  1)  possibly  enhance  marrow  recovery  post-transplant 
and  2)  continue  to  evaluate  the  transduction  efficiency  of 
pre  and  post-FU  marrow  samples  in  vitro.  The  data  presented 
above  reassures  us  that  5-FU  treatment  of  patients  in  vivo 
is  safe  and  possibly  improves  marrow  recovery  post- 
transplant. 

Autologous  Marrow  Transplantation  in  CML: 

Ph-  cells  may  be  found  in  the  peripheral  blood  or  bone 
marrow  of  patients  with  CML  after  intensive  chemotherapy, 
after  interferon  therapy,  or  after  grgwth _of  bone  marrow 
progenitors  in  long-term  culture. - it  is  possible 
that  these  cells  include  benign,  viable  stem  cells  capable 
of  repopulating  the  bone  marrow  compartment  after  intensive 
therapy  and  autologous  stem  cell  transplantation.  Most 
patients  have  been  harvested  in  chronic  phase  of  the  disease 
and,  with  the  onset  of  acceleration  or  transformation, 
autotransplantation  is  performed  in  an  attempt  to 
re-establish  chronic  phase  disease.  Reiffers  and  co-workers 
reported  the  results  of  ABMT  in  45  patients  with  CML  in 
accelerated  (11  patients)  or  blast  crisis  (35  patients) . 

Most  patients  recurred  with  disease  within  a median  time  of 
28  weeks.  Five  patients  had  transient  suppression  of  the 
Philadelphia  chromosome  and  only  3 patients  remained  in 
chronic  phase  at  17,  23  and  54  months.  “s  Whether  failure  to 
control  disease  with  autotransplantation  was  a result  of  a 
reinfusion  of  leukemia  cells  with  the  autograft  or  a 
recurrence  of  leukemia  from  cells  which  survived  the 
intensive  conditioning  regimen  is  unknown. 

Animal  and  preclinical  human  studies  attest  to  the 
value  of  eradicating  tumor  cells  from  marrow  prior  to 
transplant.  In  humans  a number  of  phase  I/II  studies 
utilizing  in  vitro  chemotherapy  or  long  term  culture 
techniques  have  attempted  to  purge  leukemia  cells  from  the 
autograft  in  order  to  improve  survival  and  potentially  cure 
patients  with  CML.  Barnett  and  co-workers  reported  on  10 
patients  with  CML  harvested  in  first  chronic  phase  (6 
patients) , in  accelerated  phase  or  in  2nd  or  3rd  chronic 
phase  (4  patients)  treated  with  intensive  therapy  ana 
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transplantation  of  autologous  marrow  placed  in  liquid 
culture  for  ten  days.39  Patients  were  considered  eligible 
for  therapy  if  marrow  samples  in  long  term  culture  showed 
suppression  of  Ph+  cells  and  enhanced  growth  of  normal 
progenitor  cells.  100%  Ph-  cells  were  seen  in  8 patients 
immediately  post-transplant.  Seven  patients  continued  in 
hematologic  remission  with  84-100%  Ph-  cells  at  5-33  months 
follow  up. 

Ex-vivo  purging  with  interferons  or  4- 
hydroperoxycyclophosphamide  (4-HC)  has  resulted  in  complete 
hematologic  remission  as  well  as  disappearance  of  the 
Philadelphia  chromosome  in  occasional  patients.40'41 
Unfortunately,  the  clinical  benefit  of  purging  for  CML  cells 
or  cells  from  other  malignant  marrow  infiltrative  diseases 
has  not  yet  been  proven  convincingly  in  humans. 

Alternatively,  prolonged  remissions  in  CML  may  be 
achieved  without  marrow  purging.  Goldman  and  co-workers 
recently  reported  that  some  patients  transplanted  in  chronic 
phase  recover  post-transplant  with  Ph-  cells  which  may  be 
associated  with  prolonged  survival.4  Sixteen  patients  with 
chronic  phase  disease  received  intensive  therapy  and 
autologous  transplant  with  unmanipulated  peripheral  blood 
progenitor  cells.  In  two. patients  hemopoiesis  was  almost 
exclusively  Ph-  at  48  and  63  months  post-autograft. 

Actuarial  survival  at  5 years  was  63%  with  many  patients  no 
longer  requiring  therapy.  These  promising  results  require 
confirmation,  but  form  the  basis  for  our  approach  to 
inducing  Ph-  cell  populations  in  patients  with  CML. 

Conditioning  Regimens  for  Marrow  Transplantation: 

A variety  of  conditioning  regimens  have  been  employed 
in  an  attempt  to  decrease  leukemia  or  lymphomatous  relapse 
post-transplant.  Unfortunately,  no  marrow  transplant 
conditioning  regimens  have  shown  overall  survival  advantages 
over  standard  cyclophosphamide  (6  0mg/kg  I.V.  x 2)  and  total 
body  irradiation  (TBI)  [200  cGy  x 61  (Cy/TBI)  when  compared 
in  prospective,  controlled  studies.  2 Although  occasionally 
the  risk  of  relapse  decreases  with  more  intensive 
conditioning  regimens,  toxicity  often  is  increased  and 
negates  any  survival  advantage.43  The  toxicity  of  Cy/TBI  is 
well  established.  Recent  studies  using  Cy/TBI  for  patients 
with  recurrent  non-Hodgkin's  lymphoma  have  shown  a regimen- 
related  mortality  rate  of  less  than  5%  which  is  most  likely 
related  to  improvement  in  supportive  care.44 

Interferon  Post-Autologous  Bone  Marrow  Transplantation; 

Since  many  patients  will  recur  with  Ph+  cells 
post-autografting,  the  addition  of  interferon  following 
transplantation  has  been  evaluated  in  a small  study.  In 
several  patients  previously  resistant  to  interferon,  post- 
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transplant  treatment  with  interferon  induced  cytogenetic 
remissions.2  Therefore,  autotransplantation  may  convert 
some  previously  resistant  patients  to  interferon  responsive. 

Mechanism  of  Relapse  Following  Autologous  Marrow 
Transplantation  for  CML: 


Chronic  myelocytic  leukemia  is  malignancy  of 
pluripotential  stem  cells,  characterized  by  specific 
cytogenetic  and  molecular  abnormalities.15  The  Philadelphia 
chromosome  (t[9;22]  [q34;qll])  is  found  in  over  95%  of 
patients  presenting  with  the  characteristic  clinical 
disease.  The  Philadelphia  translocation  results  in  a 
transposition  of  the  abl  gene  from  its  position  on 
chromosome  9 to  a 5.8  kb  breakpoint  region  on  chromosome  22, 
termed  the  breakpoint  cluster  region  or  bcr.  The  bcr-abl 
gene  is  translated  into  a p210  protein  with  tyrosine  kinase 
activity.  Although  the  bcr-abl  gene  may  be  found  in  other 
types  of  leukemia  (e.g.  25-35%  of  adults  with  acute 
lymphoblastic  leukemia) , for  an  individual  patient  with  CML 
the  bcr-abl  gene  provides  a highly  specific  molecular  marker 
for  leukemia  cells.15  Techniques  such  as  the  polymerase 
chain  reaction  (PCR)  to  distinguish  the  RNA  product  of  bcr- 
abl  DNA  may  be  used  to  detect  very  small  numbers  of  leukemia 
cells  analyzed  in  vitro,  either  from  individual  colony- 
forminq  cells  or  from  pooled  populations  of  marrow  or  blood 
cells . ^5 

Techniques  to  purge  bone  marrow  of  neoplastic  cells 
have  theoretical  appeal,  but  their  usefulness  in  patients 
remains  unproven.  Large,  prospective  controlled  studies 
would  be  required  to  definitively  determine  the  benefit  of 
purging  based  on  clinical  outcome  alone.23  Proof  of 
efficacy  is  desirable  since  these  methods  often  damage 
normal  marrow  cells  and  impair  hemopoietic  recovery.  6 To 
assess  whether  purging  is  likely  to  be  useful  in  CML,  it  is 
important  to  determine  whether  relapse  occurs  due  to  a 
failure  of  the  transplant  conditioning  regimen  to  eradicate 
systemic  disease  (endogenous  relapse)  or,  due  to  a 
reinfusion  of  contaminating  leukemia  cells  (graft-related 
relapse) . In  humans  with  CML  or  other  neoplastic  diseases  no 
studies  have  adequately  addressed  this  question  since  it  is 
impossible  to  distinguish  the  autografted  leukemia  cells 
from  the  leukemia  cells  which  survive  intensive  therapy. 

The  use  of  gene  transfer  techniques  to  mark  cells  from 
the  marrow  or  peripheral  blood  stem  cell  graft  may  permit  a 
more  complete  understanding  about  the  origin  of  relapse 
after  autologous  transplant.  If  relapse  is  primarily  related 
to  survival  of  endogenous  cells,  treatment  with  more 
intensive  conditioning  regimens  may  be  warranted  to  decrease 
systemic  recurrence.  If  relapse  originates  from  either  the 
autografted  marrow  or  the  peripheral  blood  progenitor  cells, 
strategies  should  be  targeted  toward  in  vitro  purging  of 
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leukemia  cells.  The  finding  of  genetically  marked  CML  cells 
at  the  time  of  relapse  post-transplant  implies  that  marrow 
purging  may  be  a worthwhile  procedure  and  should  be 
evaluated  further.  With  the  use  of  insertion  site  analysis, 
it  may  be  possible  to  detect  whether  relapse  is  derived  from 
a single  leukemia  cell  population  (monoclonal)  or  multiple 
cells  (polyclonal) . 

Biology  of  Hemopoietic  Reconstitution  after  Intensive 
Therapy  and  Autologous  Stem  Cell  Transplantation: 

Following  myeloablative  therapy  autologous  bone  marrow 
plus  peripheral  blood  stem  cell  (PBSC)  infusions  have  led  to 
rapid  hemopoietic  reconstitution  in  humans.  The  relative 
contribution  of  each  to  short  or  long  term  engraftment  is 
unknown.  Preliminary  studies  by  Gianni  27  and  Elias  47 
suggest  that  recovery  with  the  combination  is  more  rapid 
than  with  marrow  transplantation  alone.  In  one  study  the 
time  to  re-engraftment  of  platelets  > 20,000/ul,  neutrophils 
> 500/ul,  and  days  to  discharge  from  the  hospital  were 
shortened  by  4,  7,  and  11  days,  respectively.47  There  were 
no  instances  of  delayed  platelet  count  return. 

In  contrast,  while  many  patients  who  receive  PBSC 
autografts  alone  experience  rapid  hematologic  recovery,  a 
number  endure  incomplete  or  delayed  reconstitution. 48 
Therefore,  PBSC  may  provide  a source  of  committed 
progenitors  responsible  for  early,  but  often  incomplete 
marrow  regeneration,  whereas  bone  marrow  may  contain 
pluripotent  stem  cells  sufficient  to  achieve  durable 
engraftment.  In  patients  who  receive  PBSC  alone  late 
recovery  may  be  unrelated  to  the  autograft  and  may  result 
from  endogenous  recovery.  These  hypotheses  require  further 
evaluation.  By  genetically  marking  PBSC  and  bone  marrow, 
each  with  a unique  retroviral  construct,  serial  studies 
post-transplant  may  make  it  possible  to  determine  their 
relative  roles  in  hemopoietic  reconstitution. 


4.0  Patient  Eligibility  Criteria  at  Study  Entry  and  Prior  to 
Transplant 

4.1  Patients  must  have  a diagnosis  of  Philadelphia 
chromosome  positive  or  bcr-abl  positive  chronic 
myelogenous  leukemia. 

4.2  Patients  must  be  age  65  or  less. 

4.3  Patients  must  be  ineligible  for  standard  allogeneic 
marrow  transplantation  based  on  the  following 
considerations : 

1.  An  inability  to  identify  either  a 6/6  or  5/6  HLA 


[154] 


Recombinant  DNA  Research,  Volume  16 


antigen  matched  related  or  6/6  HLA  matched 
unrelated  donor. 

2 . In  patients  who  are  candidates  for  an  unrelated 

donor  search  through  the  registry,  failure  to  find 
a match  is  implied  if  no  compatible  A,  B donors 
are  identified  with  the  initial  search,  or,  if  the 
search  process  has  continued  unsuccessfully  for 
six  months. 

4.4  It  is  recommended  that  patients  < age  45  be  evaluated 
for  allogeneic  transplantation  with  an  unrelated  or 
related,  matched  donor;  patients  < 50  should  be 
evaluated  for  allogeneic  transplantation  with  a matched 
related  donor  only;  since  other  factors  may  enter  into 
this  decision,  the  final  judgement  for  allogeneic 
transplant  is  left  to  the  discretion  of  the 
investigator. 

4.5  Patients  must  have  1st  chronic  phase  CML,  or  be 
reinduced  to  chronic  phase,  prior  to  bone  marrow  and 
peripheral  blood  stem  cell  harvest. 

4.6  Patients  may  be  transplanted  in  blast  crisis, 
accelerated  phase  or  chronic  phase.  Suggested 
diagnostic  criteria  for  these  phases  is  summarized: 

1.  Accelerated  Phase:  (any  one  of  the  following) 

Failure  of  busulfan  or  hydrea  to  restore  normal  or 
near  normal  blood  counts  or  to  decrease 
splenomegaly. 

Rising  basophil  count  to  > 30% 

Increased  blasts  in  marrow  to  10-30% 
extramedullary  granulocytic  tumors 

- 2.  Blast  Phase: 

Increased  blasts  in  the  marrow  to  > 30% 

4.7  Patients  must  have  a marrow  cellularity  > 30%. 

4.8  Patients  with  extensive  marrow  fibrosis  which  makes 
marrow  aspiration  difficult  will  be  excluded  from  the 
study . 

4.9  Patients  on  interferon  therapy  should  have  this 
discontinued  for  > 4 weeks  prior  to  high  dose 
cytarabine  and  daunorubicin. 

4.10  The  patient  should  be  free  of  other  serious  medical 
disorders  unrelated  to  leukemia  such  as  liver  disease 
(bilirubin  <3.0),  renal  dysfunction  (creatinine  <2.0), 
significant  chronic  obstructive  pulmonary  disease  (DLCO 
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> 50%  predicted,  FEV1/FEV  > 75%) , coronary  artery 
disease,  congestive  heart  failure  (cardiac  ejection 
fraction  > 50%) , active  serious  infection,  HIV 
positivity,  other  malignancies  besides  basal  cell  skin 
cancer,  or  evidence  of  active  CNS  leukemia. 

4.11  Patients  may  have  received  prior  treatment  with 
chemotherapy  (e.g.  hydroxyurea) , interferon, 
splenectomy,  or  splenic  irradiation  [<1000  Cgy] . 
Patients  who  have  received  prior  cranial-spinal 
radiation  will  be  excluded. 

4.12  Patients  must  have  ECOG  performance  status  of  0 or  1. 
(see  Appendix  A) 

4.13  Patients  must  be  able  to  give  informed  consent. 

In  all  cases  of  minors  the  protocol  will  be  explained 
to  the  patient's  responsible  family  member  who  then 
must  give  consent. 

4.14  Previously  treated  patients  may  be  eligible  for  entry 
into  the  protocol  at  various  points.  Patients  who  have 
received  interferon . therapy  or  chemotherapy  previously 
may  be  entered  into  the  protocol  at  the  appropriate 
treatment  points  e.g.  interferon  resistant  chronic 
phase  patients  on  hydroxyurea  would  be  eligible  to 
proceed  to  cytoreductive  treatment  stem  cell  harvest 
and  transplant. 

5.0  Treatment  Plan 

Patients  will  be  divided  into  two  groups:  Group  1:  1st 

chronic  phase  and,  Group  2:  advanced  disease  (accelerated 

phase,  blast  phase,  > 1st  chronic  phase) 

5.1  Group  1 (patients  in  1st  chronic  phase):  Cytoreductive 
Treatment  Prior  to  Stem  Cell  Harvest 

1.  Interferon  alpha  induction:  5 x 106  IU/m2/day 
subcutaneously  to  achieve  maximum  clinical  and 
cytogenetic  response  (see  13.0)  (recommended 
therapy  for  patients  who  have  not  had  prior 
treatment  or  have  ongoing  therapy  with 
interferon) . 

2 . Complete  Responders  to  Interferon: 

Patients  who  achieve  a complete  response  (0-5%  Ph+ 
cells)  continue  interferon  indefinitely  at  the 
discretion  of  their  referring  physician.  Patients 
may  have  marrow  and  peripheral  blood  stored 
electively  at  this  point.  In  this  uncommon 
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situation  gene  marking  could  be  accomplished  at 
the  discretion  of  the  patient  and  investigator. 
These  patients  eventually  may  develop  interferon 
resistance  and  become  candidates  for  cytoreductive 
chemotherapy,  harvest  and  transplant. 

Incomplete  Response /Resistance  to  Interferon: 

Patients  who  achieve  major  or  minor  responses. or 
patients  who  are  interferon  resistant  (see  13,0) 
will  proceed  to  chemotherapy  cy  tor  eduction, 
undergo  stem  cell  harvesting  and  transplant. 

4 . Timing  of  Cytoreductive  Chemotherapy: 

At  the  point  of  maximum  clinical  and  cytogenetic 
response  interferon  will  be  discontinued  for  at 
least  four  weeks  prior  to  instituting  aggressive 
cytoreductive  chemotherapy 

5 . Cytoreductive  Chemotherapy: 

Daunorubicin  120  mg/m2  IV  over  2 hours  day  1 
Cytarabine  1.5  gm/m 2 I.V.  continuous  infusion  QD  x 
4 days.  Steroid  eye  drops  will  be  used  with 
cytarabine. 

6 . G-CSF  after  Cytoreductive  Chemotherapy: 

G-CSF  12  mcg/kg  IV  over  2 hours  QD  beginning  day  5 
until  the  ANC  exceeds  1000/mm3  on  three 
consecutive  days  or  a planned  duration  of  28  days. 
May  restart  G-CSF  if  ANC  falls  below  500/mm3. 

7 . Timing  of  Peripheral  Blood  Stem  Cell  Harvests: 

• 

Collect  PBSC  starting  on  day  when  WBC  > 1000  mm3. 

If  FACS  analysis  show  inadequate  CD34+  content  a 
given  collection  may  be  kept  as  back-up  for 
further  cytoreductive  chemotherapy  rather  than 
utilized  immediately.  PBSC  collection  will  be 
continued  on  a daily  basis  until  an  adequate 
number  of  nucleated  cells  is  collected.  As  more 
experience  is  acquired  it  may  be  possible  to 
define  an  adequate  collection  based  on  CD  34+  cell 
counts  alone. 

8 . Peripheral  Blood  Stem  Cell  Collection: 

Collect  PBSC  as  in  section  7.1. 

9 . Timing  of  Bone  Marrow  Harvests  for  Patients  in 
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Complete  Remission/Chronic  Phase 


At  least  14  days  after  discontinuation  of  G-CSF 
and  completion  of  PBSC  collection,  patients  will 
undergo  therapy  with  5-FU. 

A pre-FU  marrow  aspirate  and  biopsy  will  be 
obtained  to  ensure  adequate  marrow  cellularity 
(>30%)  and  to  document  continued  remission/chronic 
phase.  5-FU  administration  will  not  proceed  until 
cellularity  > 30%.  Patients  must  have  achieved  a 
complete  remission/return  to  chronic  phase  with 
one  or  two  cycles  of  cytoreductive  chemotherapy 
before  proceeding  to  5-FU  treatment,  marrow 
harvest  and  transplant. 

Bone  marrow  harvest  will  occur  on  day  10  after  the 
first  dose  of  5-f luorouracil,  and  no  later  than 
day  -5  prior  to  transplantation  (see  below) . 

Marrow  harvests  will  be  delayed  in  patients  who 
have  not  achieved  an  ANC  of  >1000/mm3  or  platelet 
count  of  > 100,000/mm3  by  day  10  post-FU. 


10 . 5-Fluorouracil  Priming  of  Marrow; 

Patients  will  receive:  5-FU  15  mg/kg  IV  bolus  QD  x 
3 followed  by  marrow  harvest  10  days  later. 

Bone  marrow  aspirate  and  biopsy  will  be  performed 
on  day  5 and  on  day  15  following  the  initial  dose 
of  5-f luorouracil  to  assess  cellularity, 
progenitor  content  and  retroviral  infectivity. 

11.  Timing  of  Stem  Cell  (Peripheral  Blood/Marrow) 
Transplant: 

Patients  in  1st  chronic  phase  (Group  1)  will 
proceed  to  stem  cell  transplant  preferably,  but 
not  exclusively  within  the  first  12  months  from 
the  time  of  bone  marrow  harvest. 

12 . Resuming  interferon  after  harvest  in  patients  who 
do  not  proceed  directly  to  transplant: 

In  patients  who  have  responded  to  interferon 
maximally  and  have  undergone  marrow  harvest  +/- 
stem  cell  collection,  interferon  may  be  resumed  at 
previous  dosages  until  transplant. 

13 . Discontinuation  of  interferon  prior  to  transplant: 
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Interferon  should  be  discontinued  at  least  4 weeks 
prior  to  transplant  to  permit  resolution  of 
cytopenias.  In  most  patients  this  should  take  no 
more  than  4-6  weeks. 

5.2  Group  2 (accelerated,  blast  phase,  > 1st  chronic 

phase) : Cytoreductive  Treatment  Prior  To  Stem  Cell 
Harvest 

1.  Cytoreductive  Chemotherapy* : 

Treatment  of  Accelerated  Phase  or  Consolidation 
after  Complete  Remission  from  Blast  Crisis: 

Daunorubicin  120  mg/m2  I.V.  over  2 hours  day  1 
Cytarabine  1.5  gm/m2  I.V.  continuous  infusion  QD  x 
4 days;  may  be  repeated  for  patients  in  blast 
crisis  who  fail  to  achieve  a complete  remission 
with  one  cycle.  Steroid  eye  drops  will  be  used 
with  cytarabine. 


Treatment  of  Blast  Crisis: 

Tdt+  or  suspected  lymphoblastic  blast  phase  may  be 
treated  initially  with  a vincristine/prednisone 
containing  regimen  at  the  discretion  of  the 
physician  prior  to  aggressive  consolidation  with 
high  dose  cytarabine/daunorubicin  and  G-CSF. 

2 . G-CSF  after  Cytoreductive  Chemotherapy: 

G-CSF  12  mcg/kg  IV  over  2 hours  QD  beginning  day  5 
until  the  ANC  exceeds  1000/mm3  on  three 
consecutive  days  or  a planned  duration  of  28  days. 
May  restart  G-CSF  if  ANC  falls  below  500/mm3. 

3 . Timing  of  Peripheral  Blood  Stem  Cell  Harvests  For 
Patients  in  Complete  Remission/Chronic  Phase: 

Bone  marrow  aspirate  and  biopsy  will  be  performed 
prior  to  peripheral  blood  stem  cell  collection  to 
document  complete  remission/return  to  chronic 
phase  status  and  cytogenetic  status.  Patients 
treated  in  blast  crisis  must  have  achieved  a 
complete  remission/return  to  chronic  phase  (see 
11.5)  with  one  or  two  cycles  of  cytoreductive 
chemotherapy  before  proceeding  to  marrow  harvest 
and  transplant. 

4 . Peripheral  Blood  Stem  Cell  Collection: 
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Collect  PBSC  as  in  section  7.1. 


5 . Timing  of  Bone  Marrow  Harvests  for  Patients  in 
Complete  Remission/Chronic  Phase 

At  least  14  days  after  discontinuation  of  G-CSF 
and  completion  of  PBSC  collection,  patients  will 
undergo  therapy  with  5-FU. 

A pre-FU  marrow  aspirate  and  biopsy  will  be 
obtained  to  ensure  adequate  marrow  cellularity 
(>30%)  and  to  document  continued  remission/chronic 
phase.  5-FU  administration  will  proceed  only  when 
marrow  cellularity  > 30%.  Patients  must  have 
achieved  a complete  remission/return  to  chronic 
phase  with  one  or  two  cycles  of  cytoreductive 
chemotherapy  before  proceeding  to  5-FU  treatment, 
marrow  harvest  and  transplant. 

Bone  marrow  harvest  will  occur  on  day  10  after  the 
first  dose  of  5-f luorouracil,  and  no  later  than 
day  -5  prior  to-  transplantation  (see  below) . 

Marrow  harvests  will  be  delayed  in  patients  who 
have  not  achieved  an  ANC  of  >1000/mm3  or  platelet 
count  of  > 100,000/mm3  by  day  10  post-FU. 

6 . 5-Fluorouracil  Priming  of  Marrow: 

Patients  will  receive:  5-FU  15  mg/kg  IV  bolus  QD  x 
3 followed  by  marrow  harvest  10  days  later. 

Bone  marrow  aspirate  and  biopsy  will  be  performed 
on  day  5 and  on  day  15  following  the  initial  dose 
of  5-f luorouracil  to  assess  cellularity, 
progenitor  content  and  retroviral  infectivity. 

7 . Timing  of  Stem  Cell  fPeripheral  Blood/Marrow) 
Transplant: 

Patients  in  accelerated  phase,  blast  phase  or  > 

1st  chronic  phase  will  proceed  to  marrow 
transplant  immediately. 

5 . 4 High-Dose  Chemoradiotherapy  and  Transplant 

Throughout  patients  will  receive  standard  antiemetic 
regimens  as  required,  and  intravenous  hydration  to 
maintain  good  urine  output  and  normalize  electrolytes. 


Day  # 
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-6  or  earlier:  Bone  marrow  harvest. 


-6  Begin  pentoxifylline  1600  mg/day  po  divided  q6 
hrs . 

-6  Begin  allopurinol  300  mg  po  qd  and  iv  fluid 

hydration  at  100-150  cc/hr.  Supplemental  potassium 
and  magnesium  may  be  added  as  necessary,  and 
bicarbonate  infusion  may  be  given  in  the  rare . 
patient  at  high  risk  for  tumor  lysis  syndrome. 

-5  Begin  bladder  irrigation  500cc  irrigant/h  prior  to 
cyclophosphamide;  Mesna  24  mg/kg  I.V.  over  30 
minutes  at  0,  3,  6,  and  9 hours  post- 
cyclophosphamide . 

cyclophosphamide  60  mg/kg  I.V. (see  11.2  for  dose 
modif icat ions ) 

-4  cyclophosphamide  60  mg/kg  I.V. 

Mesna  24  mg/kg  I.V.  over  30  minutes  at  0,  3,  6, 
and  9 hours  post-cyclophosphamide. 

-3  200  cGy  total  body  irradiation  X 2.  Dose  rate 

lOcGy/minute.  (See  appendix  C for  further 
information) 

-2  200  cGy  total  body  irradiation  X 2 

-1  200  cGy  total  body  irradiation  X 2 

-1  stop  allopurinol 

0 Autologous  marrow  and  peripheral  blood  stem  cell 
reinfusion 

Three  hours  after  stem  cell  infusion  begin 
granulocyte-macrophage  colony-stimulating  factor 
(G-CSF)  12  ug/kg/day  IV  over  2 hours,  continue 
until  absolute  neutrophil  count  reaches  1000/mm3 
for  three  consecutive  days,  or  day  28.  May 
restart  G-CSF  if  ANC  falls  below  500/mm3.  See 
appendix  for  detailed  drug  information. 

5.5  Marrow/PBSC  Infusion 

Premedicate  patients  with  benadryl  25  mg  IVP  and 
hydrocortisone  100  mg  IVP.  Cells  are  infused 
intravenously  at  the  bedside  over  30-120  minutes 
without  a filter  after  rapid  thawing  in  a 37  degree 
water  bath.  Total, volume  expected  to  be  100-500  cc. 

Toxicities  include  the  following: 
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1.  Volume  overload:  This  can  be  avoided  by 
administering  small  doses  of  furosemide  to  keep 
urine  output  > lOOcc/h.  This  is  of  particular 
importance  in  small  recipients  who  have  previously 
received  blood  or  platelet  transfusions,  but  will 
probably  not  be  necessary  in  this  patient 
population. 

2.  Transient  dyspnea:  Usually  not  a problem  but  . 
occurs  due  to  a tendency  of  DMSO  to  degranulate 
mast  cells  and  cause  allergic  reactions. 

3.  Allergic  reactions:  Chills,  fever,  and  hives 
occasionally  occur.  These  reactions  are  usually 
not  severe  and  respond  to  parenteral  benadryl. 
Premedication  with  benadryl  and  hydrocortisone  is 
appropriate. 

5.6  Post-transplant  G-CSF 

G-CSF  12  ug/kg  IV  over  2 hours  to  begin  three  hours 
after  marrow/PBSC  infusion,  then  daily  until  the  ANC 
exceeds  1000/mm3  on  three  consecutive  days  or  a planned 
duration  of  28  days. 

5.7  Post-transplant  interferon  maintenance 

Interferon  alpha  (Roferon)  at  a dosage  of  5 x 106 
IU/m2/day  subcutaneously  three  times  per  week  when  the 
platelet  count  exceeds  50,000/mm3  and  ANC  exceeds 
2 , 000/mm3 . 

6.0  Concurrent  and  Supportive  Care 

6.1  Central  Venous  Catheter  Placement 

All  patients  will  have  large  bore  double  lumen  central 
catheters  suitable  for  apheresis  placed  preferably  at 
least  one  to  two  weeks  prior  to  cytoreductive 
chemotherapy  or  the  transplant  conditioning  regimen. 
Patients  who  are  harvested  with  plans  to  delay 
transplant  indefinitely  will  have  the  large  bore 
catheters  removed  after  stem  cell  collection. 

6.2  Platelet  Transfusions 


1.  Indications:  Platelets  are  transfused  to  prevent 
bleeding  and  an  attempt  is  made  to  keep  the 
circulating  platelet  level  at  least  20,000/mm3  at 
all  times. 
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2.  Patients  will  receive  pooled  random  donor 
platelets  or  single  donor  apheresis  platelets 
(equivalent  to  8-12  random  donor  platelets) . In 
patients  who  fail  to  demonstrate  and  adequate 
increment  in  counts  and  is  symptomatic  from 
thrombocytopenia,  more  elaborate  methods  of 
platelet  selection  (HLA  matched,  cross  matched) 
will  be  attempted. 

3.  Irradiation:  All  blood  products  are  irradiated 
with  2000  cGy  prior  to  infusion  to  inactivate  the 
lymphocytes.  Irradiation  of  products  begins 
routinely  in  patients  who  begin  cytoreductive 
treatment  and  continues  indefinitely. 

4.  Leukocyte  poor  platelets  (filtered)  will  be  used 
for  all  platelet  transfusions. 

6.3  Red  cell  transfusions 

1.  Indications:  Hct  should  be  kept  above  30  with 
packed  cell  preparations. 

2.  Irradiation:  All  blood  products  are  irradiated 
with  a minimum  of  2000  cGy  prior  to  infusion  to 
inactivate  lymphocytes.  Irradiation  of  products 
begins  routinely  in  patients  who  begin 
cytoreductive  treatment  and  continues 
indefinitely. 

3.  Leukocyte  poor  red  cells  (filtered)  are  given  to 
all  transplant  patients 

6.4  Total  parenteral  nutrition 

Indications:  All  patients  require  total  parenteral 

nutrition  instituted  at  the  first  sign  of  inadequate 

oral  intake.  Nutritionist  will  follow  patients  and 

advise  accordingly. 

6.5  Treatment  of  Infections 

1.  For  treatment  of  fever  greater  than  38.3°C  and  an 
absolute  granulocyte  count  less  than  1000/mm3,  the 
institution  of  broad  spectrum  empiric  antibiotic 
coverage  is  necessary  preferably  with  an  anti- 
pseudomonas penicillin/antipseudomonal  beta-lactam 
and  aminoglycoside  or  monotherapy  with  ceftazadime 
alone.  If  a skin  source  is  suspected,  vancomycin 
will  be  added.  If  FUO  fails  to  resolve  in  three- 
four  days,  consideration  will  be  given  for  the 
empiric  addition  of  amphotericin-B . 
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2.  All  patients  will  have  a formal  infectious  disease 
consultation  at  the  time  of  admission  for 
transplant. 

6.6  Infection  Prophylaxis/Oral  Hygiene 

Routine  antibiotic/oral  hygiene  orders  for  all  patients 
include: 

Antibiotics: 

1.  Bactrim  DS  1 tab  BID  beginning  day  -6  to  day  +3. 
Patients  will  receive  one  double  strength  tablet 
bid  on  Saturday  and  Sunday  until  day  +90.  If 
unable  to  tolerate  po,  patients  will  receive  5 
mg/kg  IV  bid  instead. 

2.  Peridex  solution,  swish  and  spit  q 4h,  beginning 
day  -4,  d/c  when  ANC  > 1000/mm3. 

3.  Nystatin  oral  suspension  1 x 106  units  P.O.  q~4h 
begin  day  -10;  D/C  when  ANC  > 10 00 /mm3. 

4.  Acyclovir  250  mg/m2  I.V.  ql2  h beginning  day  -5 
through  day  +30  for  patients  with  a history  of 
herpes  simplex  infections  or  positive  herpes 
simplex  antibody  screen. 

Oral  hygiene: 

1.  Salt  and  soda  solution  , swish  and  spit  q4hours, 
beginning  day  -10,  D/C  when  ANC  > 1000/mm3. 

2.  Parenteral  narcotics  (including  morphine  sulfate 
continuous  infusion  or  via  PCA  pump)  if  necessary 
for  control  of  mucositis  pain. 

7 . 0 Autologous  Bone  Marrow  and  Peripheral  Blood  Stem  Cell 

Harvesting,  Cell  Separation  and  Cryopreservation  of  Cells 

7.1  Collection  of  Peripheral  Blood  Stem  Cells: 

For  leukopheresis  of  large  quantities  of  peripheral 
blood,  peripheral  blood  is  removed  via  continuous  flow 
centrifugation  by  means  of  a Fenwall  CS3000  blood  cell 
separator  (Fenwal) , USA).  A minimum  of  3.0  x 108 
nucleated  cells  per  kilogram  body  weight  will  be 
obtained.  Collections  will  begin  when  the  WBC  is 
1000/mm3  during  the  recovery  phase  from  chemotherapy 
and  G-CSF  in  patients  with  a marrow  aspirate  specimen 
which  shows  less  than  10%  blasts  (see  11.5). 

Collections  will  continue  until  an  adequate  number  of 
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cells  are  acquired  (usually  daily  collections  for  3-5 
days) . 

7 . 2 Marrow  Harvest 

The  technique  for  bone  marrow  harvesting  has  been 
described  in  detail.  In  brief,  at  the  prescribed  time, 
the  patient  is  taken  to  the  operating  room  where,  under 
general  anesthesia,  multiple  marrow  aspirations  from 
the  anterior  and  posterior  iliac  crests  are  carried  out 
under  sterile  conditions.  Volumes  totalling  1000-2500cc 
are  collected  into  heparinized  syringes  and  pooled  in  a 
heparinized  Travenol  bone  marrow  collection  kit. 

Marrow  is  processed  by  passage  through  screens  and 
samples  are  taken  for  counting  and  microbial  cultures 
as  well  as  specimens  for  clonogenic  assays.  The  pooled 
marrow  preparation  is  transferred  to  a 2 L 
Fenwal  collection  bag  and  taken  immediately  to  the 
cryopreservation  laboratory  for  processing,  counts, 
cultures,  and  freezing.  A minimum  total  number  of  0.5 
x 108  marrow  cells/kg  is  necessary  to  ensure  proper 
engraftment.  If  less-  than  0.5  x 108  nucleated  cells/kg 
are  obtained,  then  no  high  dose 

chemotherapy/TBI/autotransplantation  will  be  attempted. 
If  deemed  appropriate  by  the  principal  investigator,  a 
second  marrow  harvest  may  be  attempted  in  order  to 
obtain  adequate  numbers  of  cells.  Maximum  marrow 
procurement  exceeding  the  minimum  will  be  attempted  in 
each  case. 

7.3  Cryopreservation  of  Cells 

A solution  containing  10%  DMSO  plus  autologous  plasma 
in  McCoy's  is  added  in  equal  amounts  to  the  cell 
suspension  that  is  kept  on  ice.  Then  the  freezing  bags 
containing  the  mixture  are  placed  in  a Cryo-Med  Control 
Rate  Freezer  and  cooled  at  a 1°  C/minute  down  to  -3  0° 

C.  At  that  time,  the  freezing  rate  is  increased  to 
10°  C. /minute  until  a temperature  of  -90°  C is  reached. 
Then  the  freezing  bags  are  removed  and  placed  into  a 
liquid  nitrogen  storage  freezer. 

8.0  Pre-study  Evaluation  (see  Appendix  H) 

8.1  Baseline  evaluation  prior  to  entry  into  the  protocol 

Clinical  Evaluation 

1.  History  and  physical  examination  with  height  and 
weight  and  body  surface  calculations. 

2.  Chest  and  other  x-rays  as  clinically  indicated. 
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3 . Marrow  aspiration  and  biopsy  within  2 weeks  prior 
to  study  entry  studies  for  staging,  cytogenetics, 
clonogenic  assays,  PCR,  FACS. 

4.  EKG 

5.  Pulmonary  function  tests  with  arterial  blood  gases 
(spirometry,  DLCO) . 

6.  Cardiac  Gated  blood  pool  scan  (MUGA) 

Laboratory  Evaluation 

1.  CBC,  platelet  count,  reticulocyte  count, 
differential,  type  and  screen,  direct  Coomb's, 

PTT,  Prothrombin  time,  U/A 

2.  Ca,  P04 , Mg,  total  protein,  albumin,  electrolytes, 
LFT's  glucose,  BUN  and  creatinine. 

3 . HIV  antibody 

4.  HLA  type  (A+B  antigens)  and  HLA  antibody  screen, 
PRA  or  other  antibody  screen 

5 . Quantitative  immunoglobulin 

6.  Herpes  simplex  screen  (prior  to  admission) 

7.  Hepatitis  screen  (prior  to  admission) 

8 . CMV  screen 

9 . 0  On-study  Evaluation 

9.1  Studies  During  Interferon  Therapy 

Once  the  patient  has  acheived  a stable  dose  level, 
recommend  follow-up  monthly  with  bimonthly  CBC, 
differential  and  platelet  count  and  q 3 month  marrow 
aspirate/cytogenetics . 

9 . 2  Studies  Prior  to  Cytoreductive  Therapy  and  Recovery 
Phase/ Stem  Cell  Harvest 

1.  Routine  admission  labs  (see  on-study  evaluation 
flow  diagram,  appendix  H) . 

3.  Marrow  aspiration/biopsy/cytogenetics  will  be 
obtained  immediately  prior  to  cytoreductive 
therapy.  A marrow  aspirate/cytogenetics  will  be 
obtained  during  the  recovery  phase  from 
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cytoreductive  therapy  when  the  WBC  reaches 
1000/mm3 ; 

9.3  Studies  Prior  to  5-FU  and  Marrow  Harvest 

1.  Prior  to  5-FU:  see  on-study  evaluation  flow 
diagram,  appendix  H)  A marrow 

aspirate/cytogenetics  and  biopsy  will  be  obtained 
prior  to  initiating  5-FU  therapy. 

2.  A marrow  aspirate  and  biopsy  will  be  obtained  5 
days  following  the  initial  dose  of  5-FU. 

3.  Bone  marrow  harvest  will  be  performed  10  days 
after  initial  dose  of  5-FU.  Routine  pre-harvest 
admission  labs:  see  Appendix  H.  A marrow 
aspirate/cytogenetics/biopsy  will  be  obtained 
during  the  harvest  while  the  patient  is 
anesthetized. 

9.4  Studies  Prior  to  Admission  for  Transplant 

Clinical  Evaluation  ■ 

1.  History  and  physical  examination  with  height  and 
weight  and  body  surface  calculations. 

2.  Chest  and  other  x-rays  as  clinically  indicated. 

3 . Marrow  aspiration  and  biopsy  within  2 weeks  prior 
to  admission  for  staging,  cytogenetics,  clonogenic 
assays,  PCR,  FACS. 

4.  EKG 

5.  Pulmonary  function  tests  with  arterial  blood  gases 
(spirometry,  DLCO) . 

6.  Cardiac  Gated  blood  pool  scan  (MUGA) 

Laboratory  Evaluation 

1.  CBC,  platelet  count,  reticulocyte  count, 
differential,  type  and  screen,  direct  Coomb's, 

PTT,  Prothrombin  time 

2.  Ca,  Mg,  P04,  glucose,  BUN,  total  protein  albumin, 
electrolytes,  LFT's  and  creatinine. 

3.  HIV  antibody  (results  available  prior  to 
admission) 
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4. 


HLA  type  (A+B  antigens)  and  HLA  antibody  screen, 
PRA  or  other  antibody  screen 

5.  Quantitative  immunoglobulin 

6.  Herpes  simplex  screen  (prior  to  admission) 

7.  Hepatitis  screen  (prior  to  admission) 

8 . CMV  screen 
Posttransplant  Evaluation: 

9.5  Evaluation  from  Beginning  of  Conditioning  Treatment 

Until  Day  +60 

1.  Daily  weights  and  I&O's 

2 . Chest  x-ray  as  needed 

3.  Daily  CBC,  platelet,  electrolytes,  BUN, 

Creatinine,  glucose  while  hospitalized,  then  at 
least  twice  weekly  until  day  +60. 

4.  Total  protein,  liver  function  tests  (LDH,  SGOT, 
SGPT,  alk  phos,  bilirubin,  albumin) , Ca,  Mg,  P04 
MWF  while  hospitalized,  then  once  weekly  until  day 
+60; 

5.  Reticulocyte  counts  MWF. 

6.  Weekly  Prothrombin  Time. 

7.  Blood  culture  protocol  for  fever  > 38.3  C. 

8.  Urinalysis  weekly. 

9.  Chest  x-ray  weekly 

10.  Type  and  screen  q three  days 

11.  Quantitative  immunoglobulin  days  +14,  +30,  +60, 

+90 

12.  Bone  marrow  aspiration  and  biopsy  at  days  +14,  +28 
to  assess  engraftment,  as  well  as  to  obtain 
samples  for  cytogenetics,  PCR,  clonogenic  assays 
and  FACS  analysis.  50  cc  of  peripheral  blood  to  be 
obtained  at  the  same  time  once  the  ANC  > 1000/mm3. 

13.  Surveillance  cultures 
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9.6  Evaluation  Following  60  Days  Post-transplantation 

1.  Monthly  evaluations  at  transplant  center  for  local 
patients  for  the  first  year  post-transplant. 
Monthly  evaluation  to  be  conducted  by  referring 
physicians  for  patients  who  live  elsewhere  for 
first  year  post-transplant.  Monthly  evaluation  to 
include  CBC,  platelet  count,  differential, 
electrolytes,  liver  function  tests,  quantitative 
immunoglobulins.  Peripheral  blood  samples  for  PCR 
of  FACS-sorted  peripheral  blood  populations  will 
also  be  obtained  for  similar  analysis. 

Cytogenetics  will  be  obtained  if  feasible. 

2 . Q 3 month  evaluation  at  the  transplant  center  for 
all  patients  for  first  year  following 
transplantation.  In  addition  to  the  above  studies, 
bone  marrow  aspirate  and  biopsy  will  be  performed 
for  routine  pathological  examination  including 
cytogenetics , PCR,  FACS  and  clonogenic  assays.  50 
cc  of  peripheral  blood  will  be  obtained  for 
similar  analysis. 

3.  After  the  first  year,  identical  analysis  will  be 
performed  yearly  for  five  years,  and  additionally 
at  the  time  of  any  disease  recurrence. 

10.0  Toxicity  Monitoring 

10.1  For  patients  undergoing  transplantation  a careful  daily 
assessment  will  be  made  with  regard  to  organ  specific 
toxicity. 

10.2  The  Sandoz  modification  of  the  NCI  Common  Toxicity 
Criteria  Scale  will  be  used  (see  Appendix  F) . 

10.3  The  Dartmouth  Transplant  Criteria  will  be  used  to 
assess  hematologic  recovery  post-transplantation  (see 
appendix  B) 

11.0  Dose  modifications: 

11.1  Pre-transplant  Interferon  alpha  (for  toxicity  levels 
see  appendix  E) 

Intolerable  fatigue  and  anorexia 

Level  1:  Decrease  dose  schedule  to  QOD.  Maintain 
full  dose.  If  progressive  or  persistent,  hold  dose 
until  symptoms  resolve,  then  dose  reduce  to  50%  of 
the  original  dose  on  QOD.  schedule; 
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cxicities 


Level  1,2:  Stop  irterf ercr..  When  sycptcrs  < Level 
1,  restar:  at  QCI  schedule.  If  progressive, 
recurrent  cr  persi ster.t,  held  dcse  until  symptoms 
resolve,  then  dcse  reduce  to  50%  cf  the  original 
dcse  cr.  2-CI  schedule;  Neurotoxicity  Level  2: 
Oisccr.cir.ue  unterfercr. 


11.2  Conditioning  Reciter.  lose  Adj ustnents  for  Cbese 

For  cyclcphosphaai de  dosages  a correction  in  weight 
'-•ill  he  race  if  actual  body  weight  exceeds  ideal  body 
■-eight  by  20%.  In  that  situation  the  weight  used  to 
calculate  chenc therapy  dosage  will  be:  actual  body 

weight— ideal  body  weight)  /2  - ideal  body  weight. 

11.2  S— IS J 

0-rade  2 toxicity  'see  appendix  7,  the  teratologic 
portion  will  net  be  utilized  for  dcse  adjustments) 
thought  to  be  related  to  G-CSF,  will  necessitate  a 5C% 
dosage  reduction.  If  grade  2 toxicity  persists  for 
seven  days  or  advances  to  grade  4 toxicity,  G-CSF  will 
be  discontinued  and  the  patient  will  not  re-start  the 
redi cation. 

11.4  Pest- transplant  Interfere r.  alpha  'for  toxicity  levels 
see  appendix  I, 

Intolerable  fatigue  and  anorexia 

Level  1:  lose  reduce  to  50%  cf  the  original  dose; 
if  no  irprcverer.t,  discontinue. 

All  other  toxicities 

Level  1,2:  Stop  interferon.  When  syrpters  < Level 
1,  restart  at  50%  of  the  original  dcse; 
Neurotoxicity  Level  2:  I is continue  interferon. 

.2.0  Hazards  and  liscctfcrts 

Letailed  toxicity  data  or.  all  required  non-standard  study 
drugs  are  given  for  each  dreg  in  appendix  D.  A detailed 
toxicity  profile  of  total  body  irradiation  at  the  doses  and 
rates  er cloyed  in  this  study  are  also  given  in  appendix  C. 
The  na^or  hazard  of  this  protocol  is  the  rortality 
associated  with  cytc reductive  therapy  and  high  dose 
cyclcphcspharide  131  and  transplant  which  ranges  fret  1-5% 
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and  5-10% , respectively.  The  marrow  ablative  potential  of 
cyclophosphamide/TBI  leaves  the  patient  susceptible  to  a 
wide  variety  of  infectious  and  bleeding  complications  until 
the  marrow  recovery  ensues.  Aggressive  supportive  care  will 
be  used  to  prevent  or  treat  these  complications.  Morbidity 
associated  with  the  transplant  process  may  be  substantial. 
Mucositis,  fevers,  rigors,  pain,  diarrhea,  nausea,  vomiting 
are  symptoms  most  patients  experience  at  one  time  or  another 
during  the  first  six  weeks  post-transplant.  These 
discomforts  are  fully  explained  in  the  consent  forms.  We 
expect  no  toxicity  unique  to  this  particular  protocol  since 
all  components  of  the  treatment  plan  have  been  used 
previously  in  other  studies,  but  synergistic  interactions 
that  are  unexpected  could  occur,  and  will  be  closely  watched 
for. 

13 . 0  Response  Criteria 
General : 

13.1  Criteria  for  Clinical  Disease  Response 

1.  Complete  Remission:  WBC  declines  to  < 9 x 10J/ul 
with  normal  differential.  No  splenomegaly  by 
physical  exam.  Normalization  of  bone  marrow  for  at 
least  4 weeks. 

2.  Partial  Response:  < 20  x 103  /ul  and/or  persistent 
splenomegaly. 

3.  Treatment  failure:  failure  of  treatment  to  reduce 
the  WBC  to  less  than  20,000/mm3  after  transplant 
or  after  three  months  of  interferon;  progressive 
rise  in  WBC  or  increasing  splenic  enlargement; 

13.2  Criteria  for  Cytogenetic  Response 

1.  Complete  cytogenetic  response:  0%-5%  Ph-  cells 

2.  Major  Response:  < 35%,  > 5%  Ph+  cells 

3.  Minor  Response:  35-95%  Ph+  cells 

4.  Complete  genetic  remission:  failure  to  detect  bcr- 
abl  RNA  via  reverse  RNA  polymerase  chain  reaction 

Interferon: 

13.3  Criteria  for  Point  of  Maximum  Response  (PMR)  to 
Interferon 

Since  this  point  cannot  be  precisely  determined  in 
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every  patient,  the  investigator  will  determine  the  PMR 
after  evaluating  ongoing  clinical  disease  response  and 
cytogenetic  response.  In  patients  who  have  responded 
to  interferon  the  PMR  will  be  determined  to  be: 

1.  The  evaluation  point  which  immediately  precedes 
when  patients  first  become  interferon  resistant 
according  to  11.4,  or,  progress  to  advanced 
disease. 

2.  The  evaluation  point  which  immediately  precedes 
when  patients  first  show  no  significant  increase 
in  the  number  of  Ph-  cells  or  show  an  increase  in 
the  number  of  Ph+  cells  (based  on  a minimum  three 
month  interval  between  cytogenetic  analyses) . 

13.4  Criteria  for  Interferon  resistance 

1.  Failure  to  achieve  at  least  partial  clinical 
response  by  3 months.  Failure  to  achieve  a 
complete  clinical  response  by  6 months. 

2.  Failure  to  achieve  at  least  a minor  cytogenetic 
remission  by  1 year. 

3.  Failure  to  achieve  a major  cytogenetic  remission 
by  2 years. 

Cytoreductive  Therapy  Including  Treatment  of  Blast  Phase 

13.5  Criteria  for  Achieving  a Complete  Remiss ion/Return  to 
Chronic  Phase  After  Cytoreductive  Therapy 

1.  Marrow  consistent  with  ongoing  hematologic 
recovery  post-chemotherapy  to  chronic  phase  with 
less  than  10%  blasts  noted  in  differential. 

2.  Peripheral  smear  consistent  with  ongoing 
hematologic  recovery  with  < 10%  blasts  noted  in 
differential. 

14.0  Criteria  for  Removal  From  Study 

14.1  Patients  who  initially  fulfill  the  criteria  in  4.0  and 
are  entered  into  the  study  but,  at  a later  date  fail  to 
meet  these  same  criteria  prior  to  harvest  or  transplant 
will  be  removed  from  study. 

14.2  Post-transplant  progressive  disease  as  defined  by  an 
increase  in  the  WBC  count  to  greater  than  40,000/mm3  in 
chronic  phase,  or  the  appearance  of  features  of 
accelerated  disease  or  blastic  crisis.  Patients  would 
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be  eligible  for  alternative  therapy  at  the  discretion 
of  the  referring  physician.  Patients  will  continue  to 
be  monitored  for  any  adverse  effects  of  the  marking 
vectors . 

14 . 3 Location  of  a compatible  donor  and  proceeding  to 
allogeneic  marrow  transplant. 

15.0  Biostatistical  Analysis 

15.1  Evaluation  of  Clinical/Cytogenetic  Response  to 
Treatment  Process: 

Continued  study  of  this  treatment  approach  is 
warranted  if  this  study  shows  a major  cytogenetic 
remission  rate  sustained  for  at  least  6 months  in  > 30% 
of  patients.  Initially,  15  patients  will  be  studied.  If 
< 2 patients  meet  these  criteria,  the  study  would 
close.  If  > 3 patients  achieve  major  remission,  a total 
of  25  patients  would  be  studied.  Under  these  conditions 
there  is  a 90%  probability  that  the  study  will  continue 
with  a true  response  rate  not  less  than  10%  and  90% 
probability  that  a response  of  > 30%  is  rejected  in 
this  program.  An  accrual  of  15  patients  per  year 
between  centers  is  anticipated. 

All  patients  will  be  evaluable  for  response, 
potentially  at  multiple  points.  All  patients  will  be 
available  for  toxicity.  Patients  who  die  during  therapy 
or  who  are  lost  to  follow-up  will  be  counted  as  having 
progressed  as  of  that  date  unless  there  is  definite 
clinical  or  autopsy  diagnosis  of  death  due  to  an 
unrelated  cause. 

15.2  Evaluation  of  Toxicity,  Disease-free  Survival, 
Progression-free  Survival: 

Incidence  of  toxicities  will  be  reported.  Disease-free 
survival  and  progression-free  survival  will  be 
calculated  by  Kaplan-Meier  analysis. 

15.3  Hematologic  Recovery  Post-transplant: 

The  number  of  days  to  resolution  of  severe  neutropenia 
(>100,  500,  1,000,  1,500/cu.  mm.)  and  thrombocytopenia 
(>  50,000,  100,000/ cu . mm.,  unrelated  to  transfusions) 
will  be  determined.  For  platelet  counts  the  day  of 
recovery  is  recorded  if  a particular  value  is  equaled 
or  exceeded  on  two  consecutive  days  without  platelet 
transfusions.  Patients  who  are  discharged  prior  to 
complete  hemopoietic  recovery  have  counts  measured  as 
outpatients  2-3  times  per  week  until  recovery  exceeds 
1500/cu  mm  granulocytes  and  100,000/cu  mm  platelets. 
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CONSENT  TO  PARTICIPATE  IN  A CLINICAL  RESEARCH  STUDY 
• Adult  Patient  or  • Parent,  for  Minor  Patient 

INSTITI 1TF:  National 

Heart,  Lung  and  Blood  Institute 

STUDY  NUMBER PRINCIPAL  INVESTIGATOR:  Cynthia  E.  Dunbar,  M.D. 

.9TI IDY  TITl  E*  High-Dose  Cyclophosphamide  and  Total  Body  Irradiation  with  Autologous  Bone 

Marrow  and  Peripheral  Blood  Stem  Cell  Support  followed  by  Interferon  for  Chronic 

Myelogenous  leukemia. 


INTRODUCTION 

We  invite  you  (or  your  child)  to  take  part  in  a research  study  at  the  National  Institutes  of  Health.  It  is  important  that  you 
read  and  understand  several  general  principles  that  apply  to  all  who  take  part  in  our  studies:  (a)  taking  part  in  the  study 
is  entirely  voluntary;  (b)  personal  benefit  may  not  result  from  taking  part  in  the  study,  but  knowledge  may  be  gained  that 
will  benefit  others;  (c)  you  may  withdraw  from  the  study  at  any  time  without  penalty  or  loss  of  any  benefits  to  which  you 
are  otherwise  entitled.  The  nature  of  the  study,  the  risks,  inconveniences,  discomforts,  and  other  pertinent  information 
about  the  study  are  discussed  below.  You  are  urged  to  discuss  any  questions  you  have  about  this  study  with  the  staff 
members  who  explain  it  to  you. 


We  invite  you  to  participate  in  a study  of  multiple  treatments 
given  in  sequence  to  treat  Chronic  Myelogenous  Leukemia  (CML). 
These  treatments  will  include  Interferon  injections,  very  high-dose 
chemotherapy,  G-CSF  administration,  bone  marrow  and  blood  stem  cell 
collection,  high  dose  radiation  and  chemotherapy  followed  " by 
reinfusion  of  marrow  and  blood  stem  cells,  further  G-CSF 
administration,  and  maintenance  treatment  with  Interferon.  You  were 
selected  for  this  study  because  you  are  age  65  or  younger  and  have 
Philadelphia  chromosome  positive  CML  either  in  1st  chronic  phase  or 
in  advanced  phase.  The  idea  of  this  study  is  to  induce  remissions 
in  CML  patients  by  using  multiple,  intensive  treatments  designed  to 
destroy  as  many  of  the  leukemic  cells  as  possible  and  to  give  your 
remaining  normal  non-leukemic  cells  a chance  to  regrow. 

You  have  a serious  bone  marrow  disease  called  chronic 
myelogenous  leukemia  (CML).  This  is  a cancer  of  a bone  marrow  cell 
called  a "stem  cell"  that  normally  produces  the  white  cells,  red 
cells  and  platelets  that  circulate  in  the  blood.  The  leukemic 
tumor  cells  have  acquired  an  abnormal  chromosome  (the  Philadelphia 
chromosome)  that  allows  them  to  be  easily  distinguished  from  the 
normal  cells  in  the  bone  marrow.  In  chronic  phase,  the  CML  stem 
cells  produce  too  many  white  blood  cells  and  often  platelets.  Mild 
chemotherapy  drugs  or  interferon  can  decrease  the  counts  to  the 
normal  range  and  allow  patients  with  chronic  phase  CML  to  feel 
well  and  live  relatively  normal  lives.  However,  an  average  of  two 
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to  four  years  after  diagnosis  of  CML  patients  develop  first  an 
"accelerated  phase"  and  then  a "blast  crisis"  when  the  bone  marrow 
and  circulating  blood  becomes  filled  with  very  immature  leukemic 
cells  called  blasts  that  crowd  out  any  remaining  normal  cells  and 
may  cause  many  serious  medical  problems.  Once  CML  patients  reach 
blast  crisis,  even  very  high-dose  chemotherapy  fails  to  put  them 
back  into  chronic  phase  or  remission  for  more  than  a few  months, 
and  patients  die  of  infection,  uncontrolled  leukemia  or  bleeding. 

The  only  form  of  treatment  that  has  thus  far  been  proven  to 
cure  patients  with  CML  is  a bone  marrow  transplant  from  another 
person  (an  "allogeneic"  transplant).  But  this  type  of 
transplantation  is  limited  to  patients  that  have  a genetically 
matched  donor  in  their  family  or  in  the  unrelated  bone  marrow  donor 
registry,  and  is  a very  risky  procedure,  especially  in  older 
patients. 

The  other  type  of  transplantation  that  has  been  used  in  CML  is 
"autologous"  transplantation.  In  this  type  of  transplantation 
cells  are  collected  from  from  either  the  bone  marrow  or  peripheral 
blood  of  the  CML  patient  while  they  are  in  chronic  phase  and 
reinfused  after  very  high  dose  chemotherapy  and  radiation.  CML 
stem  cells  may  not  survive  the  transplantation  procedure  as  weli.  as 
any  remaining  normal  marrow  cells,  allowing  some  patients  to 
recover  after  transplantation  with  normal  marrow  cells  instead  of 
leukemic  cells.  This  type  of  treatment  has  been  associated  with 
long-term  remission  in  some  CML  patients,  but  it  is  not  yet  clear 
if  any  patients  treated  in  this  way  have  been  cured.  Many  patients 
treated  in  this  way  do  relapse  at  a later  time.  We  hope  that  by 
combining  additional  treatments  with  the  high  dose  therapy  followed 
by  autologous  stem  cell  transplant  we  can  increase  the  chances  of 
patients  with  CML  going  into  long  term  remission  or  cure. 

Patients  in  1st  chronic  phase  will  be  classified  as  Group  1 
patients  and  patients  with  advanced  disease  (blast  crisis, 
accelerated  phase,  or  chronic  phase  after  prior  blast  crisis)  will 
be  classified  as  Group  2.  You  are  in  Group  . 

This  protocol  involves  a long  sequence  of  different  types  of 
treatments.  These  are  described  below  in  the  the  order  you  will 
receive  them. 
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Pre-study  testing: 


Prior  to  entering  this  study  you  will  undergo  many  tests  to 
determine  the  status  of  your  leukemia  as  well  as  the  status  of  your 
other  body  functions.  A complete  history  and  physical  exam  will  be 
done.  Blood  (about  8 Tablespoons)  will  be  drawn  for  laboratory 
tests  to  determine  the  state  of  your  bone  marrow,  kidneys  and 
liver.  Additionally,  you  will  be  tested  for  possible  exposure  to 
or  infection  with  viruses  such  as  CMV,  Herpes,  Hepatitis,  and  HIV. 
Heart  and  lung  function  tests  will  be  performed  to  make  sure  that 
these  organs  are  capable  of  undergoing  high-dose  therapy  and 
transplant.  The  number  of  leukemic  and  normal  cells  in  your  bone 
marrow  will  be  tested  with  a bone  marrow  aspirate  and  biopsy,  and 
the  chromosomes  analysed.  A portion  of  the  bone  marrow  samples 
will  be  saved  for  research  purposes. 


Central  Line  Placement 

When  convenient  to  your  specific  treatment  schedule,  you  will 
have  a double  or  triple  lumen  (opening)  tube  placed  in  a large  vein 
in  your  neck  or  upper  chest.  This  will  be  done  under  local  orf 
general  anesthesia  in  the  operating  room.  This  special  intravenous 
line  makes  possible  frequent  blood  drawing,  your  chemotherapy 
treatments,  your  peripheral  blood  stem  cell  harvest,  and  your 
transplant  procedure. 

i >• 

Placement  of  the  central  venous  catheter  may  cause  pain  where 
the  catheter  is  inserted,  bleeding,  bruising,  and  infection. 
Rarely  the  lung  can  be  punctured  during  the  insertion  process. 

Group  1 Patients  only  fist  chronic  phase 1 : 

1).  INTERFERON  TREATMENT : You  will  be  treated  with  recombinant 

Interferon  alpha  injections  subcutaneously  (under  the  skin)  3- 
7 days  a week  in  an  effort  to  lower  your  high  white  blood  cell 
count  and  to  control  other  symptoms  of  the  chronic  phase  of 
your  leukemia.  We  also  hope  that  this  treatment  will  reduce 
the  number  of  Philadelphia  chromosome  positive  cells  in  your 
bone  marrow  and  blood.  Patients  who  achieve  -a  complete 
response  (0-5%  Ph+  cells)  will  continue  Interferon 
indefinitely  at  the  discretion  of  their  referring  physician. 

Recent  research  studies  have  suggested  that  patients  showing 
a decrease  in  the  number  of  Philadelphia  chromosome  positive 
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cells  in  the  bone  marrow  to  <5%  may  have  very  prolonged 
disease  remissions.  If  a patient  with  a complete  response  to 
interferon  later  develops  return  of  Philadelphia  chromosome 
positive  cells,  she/he  will  become  a candidate  for  the  rest 
of  this  protocol. 

Patients  that  do  not  achieve  a reduction  in  Philadelphia 
chromosome  positive  cells  to  <5%  after  one  year  of  interferon 
treatment  or  do  not  lower  their  white  blood  cell  count 
adequately  on  interferon  will  proceed  onto  the  next  step  in 
the  protocol.  Interferon  will  be  stopped  for  at  least  one 
month  before  starting  the  next  treatment  step. 

Recombinant  Interferon  Alpha  is  a human  protein  that  can  be 
produced  for  medical  uses  in  large  quantities  in  bacteria  or 
yeast.  It  may  cause  low  blood  counts,  flu-like  symptoms  such 
as  fever,  fatigue,  headache,  chills  and  achy  muscles,  nausea, 
vomiting,  loss  of  appetite,  diarrhea,  dizziness,  numbness  in 
fingers  and  toes,  temporary  impotence,  skin  rash,  and  hair 
loss.  In  rare  instances,  confusion,  depression,  visual 
disturbances,  sleep  disturbances,  nervousness,  and  heart 
problems  which  include  high  blood  pressure,  chest  pain,  and 
irregular  heart  beat  may  occur. 

Group  2 Patients  only  (>  1st  chronic  phased: 

1) .  No  Interferon  treatment  will  be  given. 

Both  Groups  1 and  2 : 

2) .  High-dose  chemotherapy:  You  will  be  given  one  intravenous 

infusion  of  the  chemotherapeutic  drug  Daunorubicin.  The 
same  day  you  will  begin  a continuous  intravenous  infusion  of 
a second  chemotherapeutic  drug  called  Cytarabine  that  will 
be  continued  for  a total  of  four  days.  Treatment  may  be 
repeated  for  patients  in  blast  crisis  (Group  2)  who  fail  to 
achieve  a complete  remission  with  one  cycle.  Some  blast 
phase  patients  (Group  2)  may  instead  be  treated  with  two 
different  drugs  called  vincristine  and  prednisone  if  the 
abnormal  blast  cells  in  their  blood  and  bone  marrow  are 
lymphocytes  (a  certain  type  of  white  blood  cell). 

You  will  be  given  these  chemotherapeutic  drugs  in  an  attempt 


WENT  IDENTIFICATION 


CONTINUATION  SHEET  for  either: 


Recombinant  DNA  Research,  Volume  16 


[183] 


MEDICAL  RECORD 


CONTINUATION  SHEET  for  either: 

NIH  2514-1,  Consent  to  Participate  In  A Clinical  Research  Study 

NIH  2514-2,  Minor  Patient’s  Assent  to  Participate  In  A Clinical  Research  Study 


STUDY  NUMBER: 


CONTINUATION:  pagejL_ofii 


— pages. 


to  destroy  as  many  leukemic  cells  in  your  bone  marrow  and 
blood  as  possible,  and  to  increase  the  percentage  of  nan- 
leukemic  cells  in  your  bone  marrow  and  blood  before 
collecting  cells  to  be  used  for  transplantation. 

Daunorubicin  often  causes  low  blood  counts,  nausea, 
vomiting,  inflammation  of  the  mouth,  inflammation  of  the 
throat,  loss  of  appetite,  temporary  hair  loss  and  diarrhea. 
More  rarely  it  can  cause  kidney  damage,  red-colored  urine, 
liver  damage,  skin  rash,  fever,  chills  heart  damage,  and 
changes  in  heart  rate. 


Cvtarabine  often  causes  low  blood  counts,  nausea,  vomiting, 
diarrhea,  mouth  and  throat  inflammation,  skin  rash  and  more 
rarely  causes  mild  and  reversible  (damage  will  end  when  drug 
, is  stopped)  liver  damage;  inflammation  of  the  cornea  in  the 
eyes,  and  nervous  system  irritation  and  damage. 

You  will  need  to  be  an  inpatient  in  the  Clinical  Center  at  NIH 
for  3-5  weeks  after  the  chemotherapy  treatment.  This  is  because 
your  blood  counts  will  be  low  and  you  will  need  antibiotics, 
transfusions  and  other  supportive  care  until  your  bone  marrow, 
recovers.  There  is  a small  chance  that  you  could  die  from  a „ 
serious  infection  or  bleeding  as  a result  of  this  chemotherapy 
treatment. 

3)  G-CSF  (granulocyte  colony-stimulating  factor):  Daily  G-CSF 
intravenous  infusions  will  be  given  beginning  the  day  after 
you  complete  the  above  chemotherapy.  This  human  protein  is 
produced  for  medical  use  in  bacteria  or  yeast.  It 
stimulates  the  bone  marrow  to  release  “stem  cells'1  (the 
cells  from  which  all  the  different  types  of  cells  in  bone 
marrow  and  blood  develop),  into  the  circulating  blood  (where 
they  can  be  harvested  by  apheresis).  G-CSF  treatment  may 
also  speed  the  recovery  of  your  blood  counts  from  the 
daunorubicin  and  cytarabine  chemotherapy.  The  G-CSF 
treatment  will  continue  until  your  peripheral  blood  stem 
cell  collection  is  completed  and  your  white  blood  cell  count 
has  recovered  from  the  chemotherapy. 

GM-CSF  may  cause  headaches,  fatigue,  confusion,  allergic 
reactions,  fluid  retention,  anorexia,  nausea,  vomiting, 
abnormal  taste,  flu-like  symptoms  (fever,  chills),  bone 
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pain,  low  blood  pressure  and  rash.  It  is  also  possible  that 
this  drug  may  increase  the  chance  of  worsening  of  your- 
leukemia,  however  we  think  this  is  very  unlikely.  Although 
these  side  effects  are  possible  they  are  not  likely  to  occur 
at  the  doses  you  will  be  receiving  in  this  study.  Most 
symptoms  will  disappear  immediately  after  discontinuation  of 
the  drug. 

4)  Peripheral  Blood  Stem  Cell  (PBSC)  Harvest  will  begin  at 

least  30  days  after  the  daunorubicin/cytarabine  chemotherapy 
treatment  and  within  two  weeks  of  a diagnostic  marrow  report 
showing  >30%  cellularity  and  .<10%  blast  cells.  "Stem  cells" 
collected  from  the  peripheral  (circulating)  blood  may  lead 
to  quicker  recovery  after  transplantation  than  bone  marrow 
and  may  be  less  contaminated  by  leukemia  cells  than  bone 
marrow.  It  is  not  certain,  however,  if  the  effect  achieved 
is  as  long  lasting  as  it  is  with  bone  marrow  transplants, 
thus  we  are  using  both  types  of  cells  together  to  try  to 
obtain  the  benefits  of  each. 


For  the  actual  harvest  of  the  stem  cells  you  will  be  hooked 
up  by  your  central  catheter  line  to  an  apheresis  machine  for 
several  hours  every  day  or  every  other  day  for  a total  of"  5- 
10  pheresis  sessions.  Your  blood  will  be  separated  as  it 
slowly  flows  through  the  machine.  The  machine  will  collect 
your  peripheral  stem  cells  and  return  the  rest  of  your  blood 
through  your  catheter.  These  peripheral  blood  cells  will 
then  be  frozen  for  storage  until  you  undergo 
transplantation.  Small  numbers  of  these  cells  will  be  taken 
before  freezing  and  used  for  a number  of  laboratory  tests  to 
find  out  if  there  are  leukemic  cells  present,  if  there  are 
enough  "stem  cells"  to  support  you  through  a transplant 
procedure,  and  to  help  us  understand  more  about  CML  and 
whether  genetic  therapies  could  be  used  to  treat  CML  in  the 
future. 


If  your  leukemia  has  progressed  or  failed  to  respond 
adequately  as  determined  by  your  doctor,  proceeding  with  the 
stem  cell  harvest  and  transplant  should  not  be  done  since 
your  chances  of  benefiting  from  the  treatment  would  be 
extremely  low. 
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Peripheral  Blood  Stem  Cell  Harvest  by  pheresis  may  cause 
infection,  low  blood  pressure,  light-headedness,  nausea,  and 
tingling  around  your  mouth,  fingers,  and  toes. 

5)  5-Fluorouracil  ( 5FU)  Treatment 

5-f luorouracil  or  5-FU  is  a chemotherapeutic  drug  which  we 
hope  will  help  your  marrow  recover  more  quickly  after 
transplantation.  The  5-FU  is  given  to  you  intravenously  as  a 
quick  injection  each  day  for  three  days  beginning  10  days 
before  your  marrow  harvest.  When  your  bone  marrow  is 
harvested  after  5-FU,  it  may  be  "primed"  to  recover  more 
quickly.  A bone  marrow  exam  may  be  done  prior  to  starting  5- 
FU  to  determine  if  you  have  an  adequate  number  of  bone- 
marrow  cells  and  to  be  certain  the  leukemia  has  not 
. progressed. 

5-FU:  The  side  effects  of  5-FU  which  occur  occasionally 
include  mild  sore  mouth  and  throat,  diarrhea,  low  white  cell 
count  or  platelet  count,  bone  marrow  damage,  dizziness, 
excessive  tearing  in  your  eyes.  In  the  unlikely  event  that 
your  blood  counts  are  too  low,  the  harvest  will  be  postponed 
until  your  blood  counts  recover. 

6)  Bone  Marrow  Harvest  will  take  place  approximately  ten  days 
after  the  beginning  of  the  5FU  treatment. 

I; 

If  your  leukemia  has  progressed  or  failed  to  respond 
adequately  to  chemotherapy  as  determined  by  your  doctor, 
proceeding  with  the  marrow  harvest  and  transplant  should  not 
be  done  since  your  chances  of  benefiting  from  the  treatment 
would  be  extremely  low. 

I 

Your  bone  marrow  will  be  sucked  out  ("aspirated")  through 
hollow  needles  while  you  are  under  general  anesthesia.  The 
procedure  will  take  1 to  3 hours  and  consists  of  a thorough 
cleansing  of  the  skin  over  the  back  of  the  hip  area  followed 
by  the  insertion  of  sterile  needles  into  the  hip  bones.  One 
to  two  quarts  of  bone  marrow  is  withdrawn.  The  marrow  will 
then  be  frozen  for  preservation  until  you  undergo 
transplantation. - Red  blood  cells  removed  along  with  the 
marrow  will  be  returned  to  you  after  the  procedure. 
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Bone  Marrow  Harvest  may  cause  pain  where  the  needles  are 
inserted,  nerve  damage  where  the  needles  are  inserted, 
bruising,  slight  bleeding,  and  a small  risk  of  infection. 
Anesthesia  may  cause  minor  discomforts  such  as  nausea, 
vomiting,  sore  throat,  or  cuts  and  bruises  to  the  mouth. 
Major  illnesses  are  possible  and  include  pneumonia,  heart 
attack,  or  blood  clots  in  the  lungs  or  other  organs. 


7)  Patients  in  Group  1 will  proceed  to  Transplantation 

preferably,  but  not  exclusively  within  the  first  12  months 
following  bone  marrow  and  peripheral  blood  stem  cell 
harvest.  Very  high  dose  chemotherapy  and  radiation  will  be 
given  to  try  and  destroy  all  leukemic  cells  remaining  in 
your  body.  Because  your  entire  bone  marrow  will  be 
destroyed  in  this  process,  you  will  need  to  be  given  back 
' the  previously  collected  marrow  and  peripheral  blood  stem 
cells  as  a "rescue"  from  the  effects  of  the  treatment. 

If  your  central  venous  catheter  has  been  removed  you  will 
have  another  one  placed  approximately  2-3  weeks  prior  to 
your  transplant.  Increases  of  uric  acid  in  the  blood  and 
urine  can  result  from  the  destruction  of  blood  cells  by  the 
chemotherapy  and  radiation  and  can  damage  the  kidneys. 
Starting  on  6 days  before  the  transplant  you  will  receive 
allopurinol  300mg  by  mouth  and  intravenous  fluids  with  - 
sodium  bicarbonate  to  help  prevent  elevated  uric  acid 
levels.  A catheter  will  be  placed  in  your  bladder  to  allow 
continuous  rinsing  of  the  bladder  with  salt  water  before 
chemotherapy  begins.  This  irrigation  is  done  to  wash  out 
the  chemotherapy  drug  cyclophosphamide  which  can  irritate 
the  bladder.  If  you  have  had  a prior  herpes  virus  infection 
you  will  also  begin  the  antiviral  drug  acyclovir.  You  will 
be  given  two  daily  intravenous  doses  of  cyclophosphamide  the 
fifth  and  the  fourth  day  before  transplant.  You  will  also  be 
given  an  infusion  of  a drug  called  MESNA  that  protects  your 
bladder  from  the  damaging  effects  of  cyclophosphamide.  24 
hours  later  the  catheter  will  be  removed  from  your  bladder. 
You  will  receive  a total  of  1200  rads  of  irradiation  over 
three  days  (200  rads  twice  a day  the  third  to  the  final  day 
before  transplant) . On  the  day  of  the  transplant  your 
harvested  bone  marrow  and  peripheral  blood  will  be  thawed 
and  infused  through  your  central  venous  catheter. 
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Post-transplant  G-CSF  will  be  given  intravenously  daily, 
until  adequate  levels  of  white  blood  cells  are  reached. 
Patients  who  show  a high  level  of  toxicity  thought  to  be 
related  to  the  G-CSF  will  have  their  dose  reduced  and  if 
toxicity  persists  the  G-CSF  will  be  discontinued.  See 
section  3)  for  further  information  on  G-CSF. 

For  the  first  part  of  your  treatment  after  the 
transplantation  (approximately  25-40  days),  you  will  be 
cared  for  in  the  hospital.  You  will  be  highly  prone  to 
infections  due  to  a very  low  white  blood  cell  count.  Your 
visitors  will  be  screened  for  any  possible  infections  and 
will  need  to  exercise  precautions  against  infections  (such 
as  good  hand  washing  and  .wearing  a mask)  before  they  visit 
you.  Young  children  will  be  discouraged  from  visiting  you. 

- While  you  are  in  the  hospital  you  will  stay  in  a isolation 
room  and  receive  a diet  which  excludes  raw  food. 

Precautions  will  be  taken  to  try  to  protect  you  from 
developing  infections  and  thus  you  will  be  placed  on 
numerous  types  of  medications  and  antibiotics.  You  will 
receive  supportive  care  such  as  blood  transfusions  (red 
blood  cells  and  platelets)  in  order  to  counteract  to  the 
greatest  possible  extent  the  possible  complications  of  your 
therapy. 

Throughout  the  transplant  process,  your  physical  condition 
will  be  monitored  closely  in  order  to  avoid  severe  side 
effects.  We  will  draw  blood  daily,  and  routinely  collect 
urine,  stool,  and  sputum  to  test  them  for  infection  and  for 
their  normal  components.  X-rays  will  also  be  done  regularly 
to  try  and  detect  infections.  You  will  have  bone  marrow 
samples  taken  from  your  hip  through  aspiration  every  week 
until  your  marrow  recovers.  This  will  be  done  at  the 
bedside  with  local  anethesia. 

CvclophosphaTni da  will  cause  low  blood  counts,  and  hair  loss, 
and  may  cause  kidney  damage,  loss  of  appetite,  nausea  and 
vomiting,  mouth  sores,  metallic  taste,  headache,  rash, 
facial  blushing,  and  hemorrhagic  cystitis  (inflammation  and 
bleeding  of  the  bladder).  More  rarely  it  can  cause  heart, 
lung  or  liver  damage. 
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Total  Body  Irradiation  may  cause  nausea  and  vomiting,  hair 
loss,  inflammation  of  the  parotid  gland  and  pancreas, 
diarrhea,  fever,  infection,  pneumonia,  skin  rash  or  dark 
pigmentation,  and  mouth  sores.  Years  after  total  body 
irradiation  you  may  have  a higher  chance  of  getting  a second 
type  of  cancer,  and  of  developing  cataracts  (clouding  of  the 
eyes ) . 

Bone  Harrow  and  Peripheral  Blood  Infusion  may  cause  allergic 
reactions  which  appear  as  chills,  fever  and  hives,  volume 
overload,  blood  clotting,  shortness  of  breath,  (rarely) 
kidney  failure,  and  low  blood  pressure. 

Transplant  procedure  fin  general)  will  lead  to  an  extremely 
high  susceptibility  to  infections.  It  is  possible  that  your 
bone  marrow  will  not  recover  at  all  after  your  high  dose 
therapy  and  reinfusion.  Though  this  happens  in  less  than  5% 
of  patients,  failure  of  your  bone  marrow  to  recover  would 
most  likely  result  in  death  due  to  infections  and  bleeding. 
Because  you  will  be  receiving  both  bone  marrow  and 
peripheral  blood  stem  cells  this  risk  will  be  reduced  but 
not  completely  eliminated. 

Once  your  bone  marrow  has  engrafted  (recovered  in  your 
body),  you  have  adequate  blood  values,  and  you  are  free  from 
infection  you  will  be  discharged  from  the  hospital.  We 
expect  this  will  take  4-6  weeks.  You  will  be  followed 
closely  in  the  out-patient  clinic  up  until  at  least  60  days 
post-transplant.  We  will  continue  to  draw  blood  twice 
weekly  to  check  your  blood  counts  and  some  body  function 
tests  (such  as  liver  function).  After  day  +60  you  will 
begin  monthly  evaluations  at  NIH  to  be  continued  for  the 
first  year  post-transplant.  These  visits  will  include  blood 
tests  and  a general  assessment  of  your  condition.  A bone 
marrow  biopsy  and  aspirate  (approximately  30  ml  or  about  2 
Tablespoons  of  marrow  withdrawn)  will  be  done  every  three 
months.  Peripheral  blood  (50  ml.  or  3-4  Tablespoons)  will 
also  be  collected  every  three  months.  This  will  allow  us  to 
closely  monitor  your  health  status  and  determine  if  your 
bone  marrow  continues  to  recover.  After  the  first  year  you 
will  be  followed  at  NIH  at  least  once  a year  for  five  years. 
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8)  Post-transplant  Interferon  treatment  will  be  given  to 

attempt  to  suppress  any  remaining  leukemic  cells.  The  drug 
will  be  given  subcutaneously  three  time  per  week  once  the 
blood  counts  have  recovered  sufficiently  from  the  transplant 
procedure.  The  interferon  dosage  will  be  adjusted  or 
discontinued  if  toxicity  develops.  See  section  1)  for 
further  information. 

In  addition,  with  any  experimental  therapy  it  is  possible 
that  harmful  side  effects  that  are  currently  unknown  could  occur. 
We  will,  of  course,  take  every  precaution  to  watch  for  and 
prevent  harmful  side  effects. 

If  you  are  pregnant  we  want  you  to  tell  us  and  we  will  not 
include  you  in  this  study  because  to  do  so  might  be  harmful  to 
your  unborn  baby.  We  also  want  you  to  avoid  getting  pregnant 
during  this  study  and  expect  you  to  use  an  effective  method  of 
birth  control.  If  you  should  become  pregnant  in  spite  of  taking 
precautions  please  contact  the  primary  investigator  whose  phone 
number  is  listed  in  this  form  and  she  will  discuss  with  you  the 
choices  that  are  available  for  you  to  consider.  The  very  high 
dose  chemotherapy  and  radiation  treatments  used  in  this  protocol 
are  very  likely  to  prevent  you  from  having  children  in  the 
future,  or  could  cause  birth  defects  in  any  children  you  are  able 
to  conceive. 

If  you  die  before  receiving  your  bone  marrow  and  peripheral 
blood  stem  cells  back,  the  cells  will  become  the  property  of  the 
National  Institutes  of  Health  and  will  be  used  for  research 
purposes  to  try  and  learn  more  about  leukemia.  Because  you  will 
have  been  part  of  a research  study  at  NIH,  if  you  die  at  any  time 
during  or  after  the  study,  your  family  or  a designated  power  of 
attorney  will  be  contacted  about  permission  to  do  a post-mortem 
examination.  This  consent  form  does  not  imply  you  or  your 
family's  consent  to  a post-mortem  examination,  but  should  serve 
as  a stimulus  for  discussion  of  the  issue  between  you,  your 
family  and  your  doctors. 

Benefits 

The  benefit  of  participation  in  this  study  is  the  potential 
for  prolongation  of  life  and  cure  of  your  leukemia.  You  will 
also  be  aiding  medical  science  and  society  at  large  as  this  study 
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may  greatly  further  the  understanding  of  the  best  method  to 
successfully  fight  and  cure  cancer.  We  cannot,  however, 
guarantee  that  you  will  receive  any  of  these  benefits  and  at  this 
time  the  likelihood  of  these  benefits  is  difficult  to  estimate 
given  the  low  number  of  patients  treated  with  this  type  of 
therapy,  and  the  long  duration  of  follow-up  necessary  to  assess 
cure . 

Alternatives  to  this  Study 

As  discussed  in  the  beginning  of  this  consent  form,  the  only 
alternative  therapy  available  that  has  been  proven  to  offer 
potential  cure  is  allogeneic  bone  marrow  transplantation 
(transplantation  of  bone  marrow  from  another  person).  Either 
because  of  your  age  or  lack  of  a suitable  donor,  you  and  your 
doctor  have  decided  against  this  option.  You  could  elect  to  be 
treated  with  conventional  oral  chemotherapy  such  as  hydroxyurea 
while  in  chronic  phase  and  receive  no  aggressive  chemotherapy 
until  blast  crisis  occurs.  This  approach  has  not  allowed 
patients  to  live  more  than  several  months  beyond  the  beginning  of 
blast  crisis.  You  could  also  choose  to  be  treated  with 
interferon  alone  for  control  of  chronic  phase  and  elect  not  to  go 
ahead  with  stem  cell  harvesting  or  transplantation,  even  if  yo,u 
do  not  have  a complete  cytogenetic  remission. 

You  may  choose  to  withdraw  from  this  study  at  any  time. 
Howeveir,  withdrawal  from  the  study  after  high-dose  chemothfetapy 
and  radiatiori  without  reinfusion  of  marrow  and  peripheral  blood 
cells  would  dlmofet  certainly  result  in  death. 
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As  part  of  your  participation  in  this  study,  it  will  be  necessary  to  test  your  blood  for  the  presence  of 
antibodies  to  the  Human  Immunodeficiency  Virus  (HIV),  the  virus  that  causes  Acquired  Immune 
Deficiency  Syndrome  (AIDS).  In  order  to  perform  the  test,  a small  amount  of  blood  (approximately  2 
teaspoons)  will  be  withdrawn  from  one  of  your  arms  with  a needle.  You  may  experience  some  slight 
discomfort  at  the  needle  entry  site  and  there  may  be  some  bruising.  In  addition,  there  is  a very  small 
risk  of  your  fainting  or  of  infection  at  the  needle  entry  site.  If  your  test  results  are  found' to  be 
positive,  or  if  you  are  otherwise  diagnosed  as  having  AIDS,  you  should  be  aware  of  the  following 
Clinical  Center  HIV  Testing  Policy: 

1.  You r physician  will  notify  you  promptly  of  the  HIV  test  results. 

2.  Your  physician  and/or  the  Clinical  Center  HIV  counselor  will  offer  you,  and  any  current  and/or 
ongoing  sexual  partners)  (spouses  are  generally  considered  to  be  current  or  ongoing  sexual 
partners)  or  needle-sharing  partners)  you  identify,  information  on  the  meaning  of  the  test 
results  and  how  to  prevent  the  spread  of  the  infection. 

3.  Because  the  virus  may  be  transmitted  in  several  ways,  it  is  important  that  you  inform  sexual 
and/or  needle-sharing  partners)  that  any,  or  all,  of  them  may  have  been  exposed  to  the  HIV 
virus  and  encourage  them  to  be  tested.  If  you  request  it,  staff  at  the  Clinical  Center  will  assist 
you  in  notifying  your  partner(s)  and  arrange  counseling  for  them  through  an  HIV  counselor. 

4.  The  results  of  your  HIV  test  and/or  documentation  of  the  diagnosis  of  AIDS  will  become  a 
part  of  your  Clinical  Center  medical  record  and,  as  such,  will  be  protected  from  unauthorized 
disclosure  by  the  Federal  Privacy  Act  of  1974.  In  general,  access  to  your  medical  record  will 
be  restricted  to  those  health  care  professionals  directly  involved  in  your  care  or  in  the  - 
conduct  of  ongoing  biomedical  research,  and  information  is  not  usually  released  to  other  third 
parties  without  your  permission  or  that  of  your  designated  representative.  However,  there  are 
some  particular  routine  uses  of  such  information  of  which  you  should  be  aware. 


a.  If  you  are  unwilling  or  unable  to  notify  your  partners),  the  Clinical  Center  is  responsible  for 
attempting  to  contact  and  inform  them  of  their  possible  exposure  to  the  virus.  Reasonable 
attempts  will  be  made  to  protect  your  identity  including  withholding  your  name  when 
notifying  any  partners)  of  their  possible  exposure.  Some  notification  or  counseling  of 
current  and/or  ongoing  partners  may  be  carried  out  through  arrangements  with,  or  referral 
to,  local  public  health  agencies. 

b.  A summary  of  your  care  at  the  Clinical  Center  will  be  sent  to  the  physician  who  referred 
you  here  for  treatment. 

c.  The  Clinical  Center  may  report  certain  communicable  diseases,  including  AIDS,  to 
appropriate  State  and  Federal  government  agencies. 


If  you  have  any  questions  regarding  the  HIV  testing  or  the  information  provided  above,  you  are 
encouraged  to  discuss  them  with  your  physician  and/or  a Clinical  Center  HIV  counselor  (496-8955). 
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OTHER  PERTINENT  INFORMATION 

Confidentiality.  When  results  of  a study  such  as  this  are  reported  in  medical  journals 
or  at  meetings,  the  identification  of  those  taking  part  is  withheld.  Medical  records  of 
Clinical  Center  patients  are  maintained  according  to  current  legal  requirements,  and  are 
made  available  for  review,  as  required  by  the  pood  and  Drug  Administration  or  other 
authorized  users,  only  under  the  guidelines  established  by  the  Federal  Privacy  Act. 

2.  Policy  Regarding  Research-Related  Injuries.  The  Clinical  Center  will  provide  short-term 
medical  care  for  any  physical  injury  resulting  from  your  participation  in  research  here. 
Neither  the  Clinical  Center  nor  the  Federal  government  will  provide  long-term  medical 
care  or  financial  compensation  for  such  injuries,  except  as  may  be  provided  through 
whatever  remedies  are  normally  available  under  law. 

3.  Payments.  You  will  not  be  paid  for  taking  part  in  this  study.  The  Clinical  Center 
does  not  charge  for  medications,  doctors'  care  or  hospitalization.  Exceptions  for 
Normal  Volunteers  are  guided  by  Clinical  Center  and  Normal  Volunteer  Office  policies. 


4.  Problems  or  Questions.  Should  any  problem  or  question  arise  with  regard  to  this 
study,  with  regard  to  your  rights  as  a participant  in  clinical  research,  or  with 
regard  to  any  research-related  injury,  you  should  contact  the  principal  investigator, 

Cynthia  E.  Dunbar,  M.p. , or  these  other  staff  members  also  involved  in  this 

S tudy , Arthur  W.  Nienhuis/  M.P./  Donna  Vininq/  R.N.  

Build ing  10  , Room  7C103  Telephone:  (301)  496-5093 

National  Institutes  of  Health 
‘ Bethesda,  Maryland  20205 


r Consent  Document.  It,  is  suggested  that  you  retain  a copy  of  this  document  for  your 

later  reference  and  personal  records. „ 

COMPLETE  APPROPRIATE  ITEM  BELOW,  A or  B: 


A.  Adult  Patient's  Consent. 

I have  read  the  explanation  about  this 
study  and  have  been  given  the  opportunity 
to  discuss  it  and  to  ask  questions.  I 
hereby  consent  to  take  part  in  this 
study. 


B.  Parent's  Permission  for  Minor  Patient. 

I have  read  the  explanation  about  this 
study  and  have  been  given  the  opportunity 
to  discuss  it  and  to  ask  questions.  I 
hereby  give  permission  for  my  child  to 
take  part  in  this  study. 

(Attach  NIH  2514-2,  Minor's  Assent,  if 
applicable. ) 


Sigryrture.of  Adult  Patient  & Date  Signed 


Signature  of  Parent(s)  & Date  Signed 


(if  other  than  parent,  specify  relationship) 


Signature  of  Investigator  & Date  Signed  Signature  of  Witness  & Date  Signed 
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INSTITUTE:  NATIONAL  HEART.  LUNG  AND  BLOOD  INSTITUTE 
STUDY  NUMBER: PRINCIPAL  INVESTIGATOR:  Cvnthia  Dunbar.  M.D. 


STUDY  TITLE:  Informed  Consent  for  Retroviral-Mediated  Gene  Transfer  of  Bone  Marrow 
and  Peripheral  Blood  Stem  Cells  During  Autologous  Bone  Marrow  Transplantation  for  Chronic 
Myelogenous  Leukemia 

INTRODUCTION 

We  invite  you  to  take  pan  in  a research  study  at  the  National  Institutes  of  Health.  It  is 
important  that  you  read  and  understand  several  general  principles  that  apply  to  all  that  take  pan 
in  our  studies:  (a)  taking  pan  in  the  study  is  entirely  voluntary;  (b)  personal  benefit  will  not 
result  from  taking  pan  in  this  study,  but  knowledge  may  be  gained  that  will  benefit  others;  (c) 
you  may  withdraw  from  the  study  at  any  time  without  penalty  or  loss  of  any  benefits  to  which 
you  are  otherwise  entitled.  The  nature  of  the  study,  the  risks,  inconveniences,  discomforts,  and 
other  pertinent  information  about  the  study  are  discussed  below.  You  are  urged  to  discuss  any 
questions  you  may  have  about  this  study  with  the  staff  members  who  explain  it  to  you. 


NATURE  OF  STUDY 

Autologous  bone  marrow  transplantation  is  a treatment  with  potential  benefit  for  patients 
with  chronic  myelogenous  leukemia  (CML).  Autologous  bone  marrow  transplantation  and  its 
risks  have  been  explained  to  you  in  a separate  Informed  Consent  document  and  you  have  agreed 
to  be  enrolled  in  our  transplantation  protocol.  You  are  now  also  being  asked  to  take  part  in  a 
research  study  of  "retroviral-mediated  gene  transfer"  of  bone  marrow  cells  and  peripheral  blood 
stem  cells  used  during  autologous  bone  marrow  transplantation.  The  intent  of  this  protocol  is  to 
treat  you  with  high  dose  chemotherapy  and  to  then  give  back  the  bone  marrow  and  circulating 
blood  cells  that  have  been  removed  from  you.  Part  of  the  bone  marrow  and  circulating  cells  will 
have  been  “marked”  with  a special  gene  as  described  below.  The  goal  of  the  study  is  to 
determine  whether  it  is  possible  to  put  a new  gene  into  bone  marrow  or  circulating  blood  cells 
that  will  stay  in  your  body  for  several  months  or  more.  It  is  not  yet  known  whether  it  is  possible 
to  successfully  place  new  genes  into  patients'  bone  marrow  or  circulating  blood  cells  and  to  have 
the  genes  stay  in  these  cells  over  several  months  to  years.  If  this  could  be  accomplished,  it 
would  represent  an  important  potential  advance  in  the  treatment  of  many  diseases.  We  may  also 
learn  important  information  that  could  improve  the  safety  and  usefulness  of  autologous 
transplantation  in  CML. 

You  are  being  asked  to  take  part  in  a research  study  that  will  try  and  accomplish  the 

R 

placement  of  a bacterial  gene  called  neo — into  your  bone  marrow  and  circulating  blood  cells.  An 
important  part  of  the  study  involves  testing  bone  marrow  and  circulating  blood  cells  periodically 

to  see  whether  the  neo-^  gene  is  in  these  cells  and  how  long  the  gene  stays  in  the  cells.  The  new 
technology  to  be  used  in  this  research  study  is  called  "retroviral-mediated  gene  transfer".  It  will 

be  used  to  put  a (neo^)  gene  into  some  of  your  bone  marrow  cells  and  peripheral  blood 
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stem  cells  prior  to  transplantation.  The  neocene  will  be  inserted  into  some  cells  obtained  from 
your  bone  marrow  as  well  as  some  cells  obtained  from  your  blood  stream  (peripheral  blood  stem 
cells). 

It  is  important  to  understand  that  the  introduction  of  this  gene  will  not  benefit  you  in  any 
way.  It  is  possible  that  this  study  may  lead  to  improved  bone  marrow  transplantation  therapies 
for  others  in  the  future.  The  purpose  of  the  study  is  to  assess  the  safety  of  this  procedure  and  to 

D 

determine  if  "retroviral-mediated  gene  transfer”  will  enable  the  successful  transfer  of  the  necA 
gene  to  patients'  bone  marrow  and  circulating  blood  cells. 


Evaluation  and  Procedures 

If  you  decide  to  participate  in  this  study,  special  laboratory  techniques  will  be  used  to  insert 
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the  neo^  gene  into  a portion  of  your  bone  marrow  and  circulating  blood  stem  cells  after  they  are 
harvested.  These  treated  bone  marrow  and  circulating  cells  are  referred  to  as  "marked”  blood 
cells.  A gene  is  part  of  a chromosome  (hereditary  material)  that  contains  the  information  a cell 
needs  to  make  proteins.  By  inserting  a gene  into  your  bone  marrow  and  blood  cells,  we  will  be 
able  to  distinguish  these  marked  cells  from  all  other  cells  in  your  body. 

The  following  procedure  will  be  used  to  insert  the  neo^  gene  into  your  bone  marrow  and 
blood  cells.  Bone  marrow  cells  will  be  obtained  by  a bone  marrow  harvest  in  the  operating  room 
using  the  regular  procedure  for  harvest.  This  has  been  described  to  you  in  a separate  consent 
document  for  autologous  transplantation.  We  will  not  need  to  obtain  any  more  bone  marrow 
than  is  normally  taken  during  bone  marrow  harvest.  Therefore,  there  will  be  no  additional 
needle  aspirations  or  additional  anesthesia  time.  Your  circulating  cells  will  be  obtained  by 
removing  some  blood  through  a vein,  separating  the  immature  blood  cells  of  interest,  and 
returning  the  remaining  blood  to  you  through  a vein.  This  process  is  called  apheresis  and  has 
also  been  explained  to  you.  The  major  portion  of  the  marrow  and  blood  cells  harvested  will  be 
handled  in  the  usual  fashion  and  will  not  be  treated  by  retroviral-mediated  gene  transfer.  A 
portion  of  the  marrow  and  blood  cells  (no  more  than  30%)  will  undergo  retroviral-mediated  gene 
transfer.  In  this  30%  portion,  the  cells  to  undergo  the  gene  transfer  will  be  separated  from  the 
other  bone  marrow  and  blood  cells  by  attaching  a special  antibody  to  them  and  then  physically 
removing  only  the  cells  that  can  pick-up  the  antibody.  This  procedure  is  called 
“immunoadsorption”  and  it  allows  us  to  separate  the  more  immature  stem  cells  out  of  your  bone 
marrow  and  blood  cells.  These  immature  cells  are  the  ones  used  for  the  gene  transfer.  The 
physical  separation  of  the  immature  cells  attached  to  the  special  antibody  is  done  by  a laboratory 
machine  called  an  immunoadsorption  column.  The  column  to  be  used  in  this  protocol  is 
experimental  and  has  been  approved  by  the  FDA  for  use  in  transplantation  studies  such  as  this. 


PATIENT  IDENTIFICATION 


CONTINUATION  SHEET  for  either: 


NIH-25 1 4-1  (10-84) 


NIH-251  4-2  (10-84)  P.A.:  09-25-0099 


Recombinant  DNA  Research,  Volume  16 


[195] 


MEDICAL 

RECORD 


CONTINUATION  SHEET  for  either: 

NIH  2514-1 , Consent  to  Participate  In  A Clinical  Research  Study 
NIH  25 1 4-2,  Minor  Patient's  Assent  to  Participate  in  A Clinical 


Research  Study 


STUDY  NUMBER: 


CONTINUATION: 


3 

page  — 


of 


6 

page: 


Once  the  immature  blood  cells  are  separated  and  the  antibody  removed  from  them,  they  are 
mixed  together  in  the  laboratory  with  three  substances  called  growth  factors  which  help  the 

blood  cells  divide.  Also  mixed  with  the  blood  cells  is  the  retroviral  vector  that  carries  the  neo^ 
gene  into  the  blood  cells.  The  vector  is  an  organism  that  carries  material  from  one  cell  to 
another.  Retroviral  vectors  are  prepared  from  a disabled  type  of  mouse  virus  that  does  not  have 

R 

the  ability  to  reproduce.  The  vector  enters  the  blood  cells  and  puts  the  neo — gene  into  the  cells’ 

R 

genetic  material  (chromosomes).  Once  in  the  chromosomes,  the  neo^  gene  will  survive  as  long 

as  the  cells  survives.  The  neo^  gene  serves  no  function  in  the  blood  cells,  but  rather  “marks” 
them  so  we  can  identify  them.  The  blood  cells,  vector  and  three  growth  factors  are  put  together 
in  a mixture  called  a culture  for  3 days.  After  this,  the  cells  are  removed  from  the  culture  and 
“washed”  to  remove  any  extra  virus  or  growth  factor  attached  to  them.  The  “marked”  cells  are 
then  frozen  and  are  returned  to  you  at  the  time  of  transplantation  along  with  the  bone  marrow 
and  blood  cells  that  have  not  been  exposed  to  the  vector.  Two  slightly  different  viruses  will  be 

used  to  transfer  the  neo^  gene  to  your  bone  marrow  and  circulating  blood  cells.  You  will 
receive  enough  of  your  normal,  unchanged  bone  marrow  and  circulating  blood  cells  to  produce 
blood  count  recovery  in  the  expected  time  period  after  high  dose  chemotherapy. 

The  standard  blood  drawings  and  tests  that  are  required  following  bone  marrow 
transplantation  will  be  performed.  These  have  been  explained  to  you  in  the  separate  consent 
documenL  During  your  hospitalization  and  after  you  are  discharged,  blood  samples  will  also  be 

R 

drawn  to  study  your  blood  counts  and  to  determine  whether  the  neo—  gene  is  present  in  the  blood 
cells.  Approximately  two  extra  teaspoons  of  blood  will  be  drawn  once  a week  for  these  research 
studies.  Bone  marrow  aspirations  will  be  obtained  weekly  after  your  bone  marrow  is  given  back 

to  you  to  test  for  the  presence  of  the  neo1^  gene.  You  will  be  given  local  anesthesia  for  these 
bone  marrow  aspirations.  The  side  effects  of  the  biopsies  include  pain,  bleeding  and  infection. 
These  bone  marrow  aspirations  are  scheduled  as  part  of  the  original  transplantation  protocol  to 
keep  track  of  your  bone  marrow  recovery.  No  extra  bone  marrow  aspirations  will  be  done 
because  of  the  gene  marking  protocol,  but  an  extra  1 teaspoon  of  marrow  will  be  pulled  out 

during  the  exam  to  test  for  the  neo^  gene.  You  will  return  monthly  to  NIH  for  evaluation  after 
you  are  discharged  from  the  hospital.  Four  teaspoons  of  blood  will  be  drawn  from  you  each 
month  and  a bone  marrow  aspirations  will  be  obtained  every  three  months  to  determine  whether 

your  bone  marrow  cells  contain  the  neo^  gene.  We  request  that  you  return  periodically  to  the 
NIH  for  the  rest  of  your  life  so  that  we  may  follow  you  for  any  side  effects  that  may  occur. 
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Should  you  die,  for  any  cause,  we  will  request  that  an  autopsy  be  performed  to  study  whether  the 
neo^  gene  is  present  in  your  body. 

If  your  leukemia  relapses  or  is  found  in  a new  part  of  your  body  after  bone  marrow 
transplant,  a bone  marrow  aspiration  and  biopsy  will  be  obtained  under  local  anesthesia  to  look 

for  the  presence  of  the  neo^  gene  in  the  tumor  cells  as  well  as  to  assess  the  extent  of  your 
disease. 

RISKS  AND  TOXICITIES 


No  side  effects  from  the  necA^  marker  genes  and  the  transporter  viruses  to  be  used  in  this 
study  have  been  seen  in  animal  studies  or  in  the  very  limited  human  studies  on  gene  transfer 
which  began  in  May,  1989.  However,  since  this  is  a very  new  procedure,  the  risks  may  not  be 
known.  There  are  some  theoretical  risks  to  this  procedure.  First,  even  though  the  viruses  used  to 
insert  the  gene  into  your  bone  marrow  and  blood  cells  cannot  grow  and  are  considered  harmless, 
it  is  possible  that  events  could  occur  within  the  cells  that  allow  the  viruses  to  grow  or  cause  the 
cell  to  become  cancerous.  It  is  also  theoretically  possible  that  you  could  become  infected  with 
the  virus.  Since  this  has  never  happened,  the  consequences  of  such  an  infection  are  unknown. 
Also,  the  inserted  gene  produces  a substance  that  inactivates  the  antibiotics  neomycin  and 
amikacin.  These  antibiotics  are  rarely  routinely  used  during  bone  marrow  transplantation  or 
other  medical  care.  The  antibiotics  routinely  used  are  not  inactivated,  and  these  will  be  given  to 
you  to  treat  any  bacterial  infections  that  might  occur. 

It  is  possible  that  leukemia  cells  that  may  be  present  in  your  bone  marrow  or  blood  stream 
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may  also  be  infected  with  the  neo^- gene.  We  will  study  this  if  your  leukemia  relapses.  We  do 

D 

not  believe  you  would  be  harmed  should  a leukemic  cell  receive  this  neo^  gene:  however,  little 
information  exists  about  this.  It  is  possible  that  the  neo^  gene  could  alter  the  leukemia  cell 

D 

making  it  more  or  less  malignant  It  is  also  possible  that  the  growth  factors  used  to  put  the  neo— 
gene  into  the  bone  marrow  and  blood  cells  could  cause  leukemic  cells  to  grow.  We  believe  that 
these  possibilities  are  unlikely  to  cause  you  any  harm  if  they  did  happen,  but  we  can’t  be  sure. 
There  is  also  a small  possibility  that  you  could  have  an  allergic  reaction  to  the  “marked”  cells 

with  the  neo^-  gene  due  to  residual  antibody  that  could  be  attached  from  the  immunoadsorption 
column  or  residual  growth  factors  that  could  be  attached  from  the  culture.  We  think  it  is  unlikely 
that  any  small  amount  of  antibody  or  growth  factor  attached  to  the  cells  would  cause  you  any 
harm,  including  an  allergic  reaction,  but  it  is  theoretically  possible.  Should  an  allergic  reaction 
occur,  the  physician  present  while  you  are  receiving  the  cells  will  treat  you  for  the  reaction. 


PATIENT  IDENTIFICATION 


CONTINUATION  SHEET  for  either: 


NIH-2514-1  (10-84) 

NIH-251  4-2  (10-84)  P.A.:  09-25-0099 
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MEDICAL 

RECORD 


CONTINUATION  SHEET  for  either: 

NIH  25M-1,  Consent  to  Participate  In  A Clinical  Research  Study 
NIH  2514-2,  Minor  Patient’s  Assent  to  Participate  In  A Clinical 
Research  Study 


STUDY  NUMBER: 


CONTINUATION:  page  _JL_  of  _6_  page: 


Participation  in  this  study  is  entirely  voluntary.  You  may  choose  to  participate  or  may  . 
withdraw  from  the  gene  transfer  study  at  any  time  up  to  the  time  of  infusion  of  the  bone  marrow 
and  circulating  blood  cells.  Enough  bone  marrow  and  peripheral  blood  cells  have  been  harvested 
to  be  able  to  proceed  with  the  transplantation  even  without  the  cells  that  are  treated  with  the 

neo^-  gene.  If  you  withdraw  your  consent,  the  gene-marked  cells  will  not  be  infused.  In  the 
event  that  you  do  withdraw  your  consent  after  harvest,  but  do  go  ahead  with  transplantation,  the 
course  of  your  disease  will  be  followed  on  a regular  basis  at  the  NIH.  You  are  encouraged  to  ask 
any  questions  that  you  may  have  and  to  take  as  much  time  as  you  need  to  make  your  decision. 

The  costs  of  hospitalization,  treatment,  and  laboratory  procedures  related  to  the  bone  marrow 
transplantation  that  are  provided  at  NIH  are  paid  for  by  NIH.  It  is  important  to  understand  that 
NIH  cannot  pay  for  tests  or  medical  care  you  receive  outside  of  NIH. 


PATIENT  IDENTIFICATION 


CONTINUATION  SHEET  for  either: 

NIH-251 4-1  (10-84) 

NIH-251 4-2  (10-84)  P.A.:  09-25-0099 
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MEDICAL  RECORD 


CONSENT  TO  PARTICIPATE  IN  A CLINICAL  RESEARCH  STUDY 


* Adult  Patient  or  * Parent,  for  Minor  Patient 

STUDY  NUMBER: Continuation:  Page  6 of  _6 Pages 


OTHER  PERTINENT  INFORMATION 


Confidentiality.  When  results  of  a study  as  this  are  reported  in  medical  journals  or  at  meetings,  the  identification  of 
those  taking  part  is  withheld.  Medical  records  of  Clinical  Center  patients  are  maintained  according  to  current  legal 
requirements,  and  are  made  available  for  review,  as  required  by  the  Food  and  Drug  Administration  or  other  - 
authorized  users,  only  under  the  guidelines  established  by  the  Federal  Privacy  Act. 


Policy  Regarding  Research-Related  Injuries.  The  Clinical  Center  will  provide  short-term  medical  care  for  any 
physical  injury  resulting  from  your  participating  in  research  here.  Neither  the  Clinical  Center  nor  the  Federal 
government  will  provide  long-term  medical  care  or  financial  compensation  for  such  injuries,  except  as  may  be 
provided  through  whatever  remedies  are  normally  available  under  law. 

Payments.  If  you  are  a patient,  you  are  not  paid  for  taking  part  in  NIH  studies.  Exceptions  for  volunteers  will  be 
guided  by  Clinical  Center  policies. 


Problems  or  Questions.  Should  any  problem  or  question  arise  with  regard  to  this  study,  with  regard  to  your  rights 
as  a participant  in  clinical  research,  or  with  regard  to  any  research-related  injury,  you  should  contact  the  principal 
investigator • or  these  other  staff  members  also  involved  in  this  study: 


Building  . Room 

TeleDhone  (301) 

National  Institutes  of  Health;  Bethesda,  Maryland  20892 

Consent  Document.  It  is  suggested  that  you  retain  a copy  of  this  document  for  your  later  reference  and  personal 
records.  

COMPLETE  APPROPRIATE  ITEM  BELOW.  A OR  B: 

A.  Adult  Patient’s  Consent 
1 have  read  the  explanation  about  this 
study  and  have  been  given  the 
opportunity  to  discuss  it  and  to 
ask  questions.  1 hereby  consent 
to  take  part  in  this  study. 

B.  Parent’s  Permission  for  Minor  Patient 
1 have  read  the  explanation  about  this,  study  and  have 
been  given  the  opportunity  to  discuss  it  and  to  ask 
questions.  1 hereby  give  permission  for  my  child  to 
take  part  in  this  study.  (Attach  NIH  2514-2,  Minor’s 
Assent,  if  applicable). 

Signature  and  Date  Signed 

Signature  of  Parent  and  Date  Signed 

Relationship  if  other  than  Parent 

Signature  of  Witness  & Date 

Signature  of  Witness  and  Date 

PATIENT  IDENTIFICATION 


CONSENT  TO  PARTICIPATE  IN  A CLINICAL 
RESEARCH  STUDY 


• Adult  Patient  or  ’Parent,  for  Minor  Patient 
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APPENDIX  4 

ABSTRACT  OF  GENETIC  MARKING  PROTOCOL 


We  propose  to  use  retroviral-roediated  gene  transfer  of  the 
neomycin-resistance  marker  gene  into  autologous  bone  marrow 
and  peripheral  blood  stem  cells  to  study  the  biology  of 
hematopoietic  reconstitution  after  transplantation  and  the 
feasibility  of  using  this  type  of  delivery  system  to 
transfer  foreign  genes  to  short  and  long-term  reconstituting 
cells.  We  will  apply  identical  retroviral  transduction 
conditions  and  vectors  to  autologous  bone  marrow  and 
peripheral  blood  stem  cells  harvested  for  transplantation  as 
part  of  three  clinical  protocols.  These  three  protocols 
enroll  patients  with  multiple  myeloma,  chronic  myelogenous 
leukemia,  or  metastatic  breast  cancer.  The  protocols  are 
being  carried  out  in  collaboration  between  two  institutions: 
the  National  Institutes  of  Health  (Clinical  Hematology 
Branch,  NHLBI  and  Medicine  Branch,  NCI)  and  the  University 
of  Virginia  School  of  Medicine,  Department  of  Hematology  and 
Oncology.  The  decision  to  submit  a "generic"  genetic 
marking  amendment  for  all  three  clinical  protocols  is  based 
on  the  use  of  identical  transduction  conditions  and  vectors 
by  the  same  group  of  investigators  in  each. 

Eligible  patients  will  have  70%  of  their  harvested  bone 
marrow  and  peripheral  blood  stem  cells  processed  and 
cryopreserved  as  per  the  original  protocols.  The  remaining 
30%  will  be  enriched  for  cells  carrying  the  CD34  antigen,  a 
protein  found  on  the  surface  of  primitive  progenitor  and 
stem  cells,  and  transduced  with  NeoR  retroviral  marking 
vector  in  vitro  for  a 72  hour  period  in  the  presence  of 
hematopoietic  growth  factors.  Myeloma  and  CML  patients 
receiving  both  bone  marrow  and  peripheral  blood  stem 
transplantation  will  have  these  two  populations  marked  with 
two  separate  vectors.  After  conditioning  chemoradiotherapy , 
both  the  transduced  and  the  non-transduced  populations  will 
be  returned  to  the  patient.  Molecular  analysis  for  the 
marker  gene  will  be  carried  out,  and  if  successful  short  or 
long-term  marking  occurs,  critical  pilot  information  may  be 
obtained  regarding  the  biology  of  autologous  reconstitution, 
the  feasibility  of  retroviral  gene  transfer  into 
hematopoietic  cells,  and  the  contribution  of  viable  tumor 
cells  within  the  autograft  to  disease  relapse. 
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APPENDIX  5 

NON-TECHNICAL  ABSTRACT 


Over  the  past  several  years,  autologous  stem  cell 
transplantation  has  been  used  to  treat  many  types  of  malignancies, 
including  multiple  myeloma,  chronic  myelogenous  leukemia,  and 
breast  cancer.  In  this  procedure,  the  patient  is  treated  with 
standard  chemotherapy  until  the  tumor  is  in  the  best  remission 
possible.  Bone  marrow  and/or  peripheral  blood  cells  are  collected 
and  stored.  The  patient  can  then  receive  very  intensive  drug  and 
radiation  treatments  aimed  at  destroying  any  remaining  tumor.  The 
patient's  bone  marrow  function  is  also  destroyed,  but  the 
previously  collected  bone  marrow  and/or  peripheral  blood  cells  can 
be  infused  back  into  the  patient  to  "rescue"  him  or  her  and 
reconstitute  bone  marrow  function.  This  procedure  has  been  very 
promising,  but  a number  of  questions  remain  about  the  best  way  to 
perform  it.  It  is  not  known  if  the  transplanted  cells  simply 
provide  a "bridge"  of  bone  marrow  function  until  stem  cells 
remaining  in  the  patient  recover  from  the  high-dose  therapy. 
Treatment  approaches  to  these  three  diseases  are  in  development 
that  involve  the  introduction  of  new  genes  into  bone  marrow  or 
peripheral  blood*  cells  to  help  the  patient  overcome  the  tumor,  but 
for  these  treatments  to  work,  the  transplanted  cells  must  survive 
in  the  patient  for  long  periods.  It  is  also  unclear  if  tumor  cells 
contaminating  the  harvested  bone  marrow  and  blood  are  responsible 
for  relapse  after  the  transplantation  procedure. 

The  aim  of  this  protocol  is  to  obtain  information  about 
autologous  transplantation  and  about  the  feasibility  of 
transferring  genes  to  bone  marrow  and  peripheral  blood  cells  that 
could  help  other  patients  with  these  diseases  in  the  future.  We 
will  use  specially  designed  vectors  to  carry  a marker  gene  into  30% 
of  the  harvested  bone  marrow  and/or  peripheral  blood  cells  in 
patients  undergoing  autologous  transplantation  for  multiple 
myeloma,  chronic  myelogenous  leukemia,  and  breast  cancer.  The 
remaining  70%  will  be  stored  and  frozen  without  gene  marking,  and 
will  be  enough  cells  to  allow  recovery  after  transplantation  even 
if  the  gene  marked  cells  are  not  given  back.  If  marking  is 
successful,  it  will  allow  us  to  trace  these  cells  after 
transplantation,  and  learn  more  about  the  contribution  of  these 
cells  to  recovery  and  tumor  relapse.  It  will  be  very  important  for 
future  gene  therapy  treatments  to  learn  if  "stem  cells",  or  cells 
in  the  marrow  and  peripheral  blood  that  have  the  ability  to  produce 
daughter  cells  of  all  blood  lineages  for  prolonged  periods  of  time 
survive  autologous  transplantation  and  can  be  marked  by  this  gene 
transfer  technique.  Gene  marking  is  the  only  method  currently 
available  to  distinguish  cells  originating  from  the  harvested 
marrow  or  peripheral  blood  cells  from  cells  remaining  in  the 
patient  and  surviving  the  high-dose  therapy. 
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DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

National  Institutes  of  Health 

Recombinant  DNA  Advisory 
Committee  Meeting 

Pursuant  to  Public  Law  92-463,  notice 
is  hereby  given  of  a meeting  of  the 
Recombinant  DNA  Advisory  Committee 
on  September  14-15, 1992.  The  meeting 
will  be  held  at  the  Marriott  Hotel  of 
Bethesda,  5151  Pooks  Hill  Road, 
Bethesda,  Maryland  20814,  starting  at 
approximately  9 a.m.  on  September  14, 
1992,  to  adjournment  at  approximately  5 
p.m.  on  September  15, 1992.  The  meeting 
will  be  open  to  the  public  to  discuss  the 
following  proposed  actions  under  the 
NIH  Guidelines  for  Research  Involving 
Recombinant  DNA  Molecules  (51  FR 
16958): 

Proposed  Major  Actions  to  the  NIH 
Guidelines; 

Additions  to  Appendix  D of  the  NIH 
Guidelines  Regarding  Nine  Human  Gene 
Therapy /Gene  Transfer  Protolcols,  a 
new  expression  vector  system  derived 
from  Semliki  Forest  Virus,  and 
Introduction  of  a Gene  Coding  for 
Tetracycline  Resistance  into 
Porphyromonas  gingivalis; 

Other  Matters  To  Be  Considered  by 
the  Committee. 

Attendance  by  the  public  will  be 
limited  to  space  available.  Members  of 
the  public  wishing  to  speak  at  this 
meeting  may  be  given  such  opportunity 
at  the  discretion  of  the  Chair. 

Dr.  Nelson  A Wivel,  Director,  Office 
of  Recombinant  DNA  Activities, 
National  Institutes  of  Health,  Building 
31,  room  4B11,  Bethesda,  Maryland 
20892,  Phone  (301)  490-9838,  FAX  (301) 
496-9839,  will  provide  materials  to  be 
discussed  at  this  meeting,  roster  of 
committee  members,  and  substantive 
program  information.  A summary  of  the 
meeting  will  be  available  at  a later  date. 

OMB’s  “Mandatory  information 
Requirements  for  Federal  Assistance 
Program  Announcements”  (45  FR  39592, 
June  11, 1980)  requires  a statement 
concerning  the  official  government 
programs  contained  in  the  Catalog  of 
Federal  Domestic  Assistance.  Normally 
NIH  lists  in  its  announcements  the 
number  and  title  of  affected  individual 
programs  for  the  guidance  of  the  public. 
Because  the  guidance  in  this  notice 
covers  not  only  virtually  every  NIH 
program  but  also  essentially  every 
Federal  research  program  in  which  DNA 
recombinant  molecule  techniques  could 
be  used,  it  has  been  determined  not  to 
be  cost  effective  or  in  the  public  interest 
to  attempt  to  list  these  programs.  Such  a 
list  would  likely  require  several 


additional  pages.  In  addition,  NIH  could 
not  be  certain  that  every  Federal 
program  would  be  included  as  many 
Federal  agencies,  as  well  as  private 
organizations,  both  national  and 
international,  have  elected  to  follow  the 
NIH  Guidelines.  In  lieu  of  the  individual 
program  listing,  NIH  invites  readers  to 
direct  questions  to  the  infonnation 
address  above  about  whether  individual 
programs  listed  in  the  Catalog  of  Federal 
Domestic  Assistance  are  affected. 

Dated:  August  11, 1992. 

Susan  K.  Feldman, 

Committee  Management  Officer,  NIH. 

[FR  Doc.  92-19928  Filed  8-18-92;  8:45  am] 

BILLING  CODE  4140-01-M 


DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

Recombinant  DNA  Research; 

Proposed  Actions  Under  the 
Guidelines 

AGENCY:  National  Institutes  of  Health, 
PHS,  DHHS. 

ACTION:  Notice  of  proposed  actions 
under  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules 
(51  FR  16958). 

SUMMARY:  This  notice  sets  forth 
proposed  actions  to  be  taken  under  the 
National  Institutes  of  Health  (NIH) 
Guidelines  for  Research  Involving 
Recombinant  DNA  Molecules. 

Interested  parties  are  invited  to  submit 
comments  concerning  these  proposals. 
These  proposals  will  be  considered  by 
the  Recombinant  DNA  Advisory 
Committee  (RAC)  at  its  meeting  on 
September  14-15, 1992.  After 
consideration  of  these  proposals  and 
comments  by  the  RAC,  the  Director  of 
the  National  Institutes  of  Health  will 
issue  decisions  in  accordance  with  the 
NIH  Guidelines. 

dates:  Comments  received  by  August 
25, 1992,  will  be  reproduced  and 
distributed  to  the  RAC  for  consideration 
at  its  September  14-15, 1992,  meeting. 
ADDRESSES:  Written  comments  and 
recommendations  should  be  submitted 
to  Dr.  Nelson  A.  Wivel,  Director,  Office 
of  Recombinant  DNA  Activities, 

Building  31,  room  4B11,  National 
Institutes  of  Health,  Bethesda,  Maryland 
20892,  or  sent  by  FAX  to  301-496-9839 
All  comments  received  in  timely 
response  to  this  notice  will  be 
considered  and  will  be  available  for 
public  inspection  in  the  above  office  on 
weekdays  between  the  hours  of  8:30 
a.m.  and  5 p.m. 

FOR  FURTHER  INFORMATION  CONTACT; 

Background  documentation  and 


additional  information  can  be  obtained 
from  the  Office  of  Recombinant  DNA 
Activities,  Building  31,  room  4B11. 
National  Institutes  of  Health,  Bethesda, 
Maryland  20892,  301-496-9838. 
SUPPLEMENTARY  INFORMATION:  The  NIH 
will  consider  the  following  actions 
under  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules: 

l.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Therapy  Protocol /Dr.  Bank 

In  a letter  dated  May  14, 1992,  Dr. 
Arthur  Bank,  Columbia  University,  New 
York,  New  York,  indicated  his  intention 
to  submit  a human  gene  therapy 
protocol  to  the  Recombinant  DNA 
Advisory  Committee  for  formal  review 
and  approval.  The  title  of  this  protocol 
is:  Use  of  Human  MDR  Gene  in  Patients 
with  Advanced  Cancer. 

BL  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Therapy  Protocol /Dr.  Roth 

In  a letter  dated  March  19, 1992,  Dr. 
Jack  A.  Roth,  MD,  Anderson  Cancer 
Center,  University  of  Texas,  Houston, 
Texas,  indicated  his  intention  to  submit 
a human  gene  therapy  protocol  to  the 
Recombinant  DNA  Advisory  Committee 
for  formal  review  and  approval.  The  title 
of  this  protocol  is:  Clinical  Protocol  for 
Modification  of  Oncogene  and  Tumor 
Suppressor  Gene  Expression  in  Non- 
Small  Cell  Lung  Cancer  (NSCLC). 

m.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Therapy  Protocol/Dr.  Lotze 

In  a letter  dated  May  1, 1992,  Dr. 
Michael  T.  Lotze,  University  of 
Pittsburgh,  Pittsburgh,  Pennsylvania, 
indicated  his  intention  to  submit  a 
human  gene  therapy  protocol  to  the 
Recombinant  DNA  Advisory  Committee 
for  formal  review  and  approval.  The  title 
of  this  protocol  is:  Gene  Therapy  of 
Cancer  A Pilot  Study  of  IL-4  Gene 
Modified  Antitumor  vaccines. 

IV.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Transfer  Protocol/Dr.  Deisseroth 

In  a letter  dated  June  8, 1992,  Dr. 

Albert  D.  Deisseroth,  MD,  Anderson 
Cancer  Center,  University  of  Texas, 
Houston,  Texas,  indicated  his  intention 
to  submit  a human  gene  transfer 
protocol  to  the  Recombinant  DNA 
Advisory  Committee  for  formal  review 
and  approval.  The  title  of  this  protocol 
is:  Use  of  Retroviral  Markers  to  Evaluate 
the  Efficacy  of  Purging  and  to 
Discriminate  Between  Relapse  which 
Arises  from  Systemic  Disease 
Remaining  after  Preparative  Therapy 
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Versus  Relapse  due  to  Residual 
Neoplastic  Cells  in  Autologous  Marrow 
Following  Purging  in  Patients  with 
Chronic  Lymphocytic  Leukemia  (CLL) 

V.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Transfer  Protocol/Drs.  Walker  and 
Blaese 

In  a letter  dated  July  20,  1992,  Drs. 
Robert  Walker  and  R.  Michael  Blaese. 
National  Institutes  of  Health,  Bethesda, 
Maryland,  submitted  a human  gene 
transfer  protocol  to  the  Recombinant 
DNA  Advisory  Committee  for  formal 
review  and  approval.  The  title  of  this 
protocol  is:  A Study  of  the  Safety  and 
Survival  of  the  Adoptive  Transfer  of 
Genetically  Marked  Syngeneic 
Lymphocytes  in  HIV  Infected  Identical 
Twins. 

VI.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Transfer  Protocol/Dr.  Schuening 

In  a letter  dated  July  17, 1992,  Dr. 
Friedrich  G.  Schuening,  Fred  Hutchinson 
Cancer  Research  Center,  Seattle, 
Washington,  submitted  three  human 
gene  transfer  protocols  to  the 
Recombinant  DNA  Advisory  Committee 
for  formal  review  and  approval.  The 
titles  of  these  protocols  are:  (1)  Phase  1/ 
11  Study  of  the  Use  of  Recombinant 
Human  Interleukin  3 (rhIL3)  Stimulated 
Peripherial  Blood  Progenitor  Cell 
Supplementation  in  Autologous  Bone 
Marrow  Transplanation  in  Patients  with 
Breast  Carcinoma  or  Hodgkin’s  Disease: 
(2)  Evaluation  of  the  Use  of 
Recombinant  Human  G-CSF  Stimulated 
Peripheral  Blood  Progenitor  Cell 
Supplementation  in  Autologous  Bone 


Marrow  Transplanation  in  Patients  with 
Lymphoid  Malignancies,  and  (3)  A Trial 
of  G-CFS  Stimulated  Peripheral  Blood 
Stem  Cells  for  F.ngraftment  in  Identical 
Twins. 

VII.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Transfer  Protocol/Drs.  Brenner  and 
Mills 

In  a letter  dated  June  5, 1992,  Dr. 
Malcolm  K.  Brenner  of  SL  Jude 
Children’s  Research  Hospital,  Memphis. 
Tennessee,  and  Dr.  Bonnie  J.  Mills  of 
Baxter  Healthcare  Corporatic:..  Santa 
Ana,  California,  indicated  their  intention 
to  submit  a human  gene  transfer 
protocol  to  the  Recombinant  DNA 
Advisory  Committee  for  formal  review 
and  approval.  The  title  of  this  protocol 
is:  A Phase  II  Trial  of  the  Baxter 
Neuroblastoma  Bone  Marrow  Purging 
System  using  Gene  Marking  to  Assess 
Efficacy. 

VIII.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  Semliki  Forest 
Virus/Dr.  Temple 

In  a letter  dated  July  20, 1992,  Dr.  Gary 
F.  Temple,  Life  Technologies,  Inc., 
Gaithersburg,  Maryland,  is  requesting 
permission  to  conduct  experiments  with 
a Semliki  Forest  Virus  (SFVJ-SQL  helper 
expression  system  at  Biosafety  Level  2. 

IX.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  the  Introduction  of 
a Gene  Coding  for  Tetracycline 
Resistance  into  Porphyromonas 
gingivalis/Dr.  Progulske — Fox 

In  a letter  dated  July  1, 1992,  Drs. 
Carolyn  Keierleber  and  Ann  Progulske- 
Fox  of  the  University  of  Florida. 


Gainesville,  Florida,  are  requesting 
permission  to  conduct  experiments 
which  involve  the  introduction  of  a gene 
coding  for  tetracycline  resistance  into 
Porphyromonas  gingivalis  at  Biosafety 
Level  2. 

OMB's  "Mandatory  Information 
Requirements  for  Federal  Assistance 
Program  Announcements"  (45  FR  39592. 
June  11, 1980)  requires  a statement 
concerning  the  official  government 
programs  contained  in  the  Catalog  of 
Federal  Domestic  Assistance.  Normally 
NTH  lists  in  its  announcements  the 
number  and  title  of  affected  individual  «. 
programs  for  the  guidance  of  the  public. 
Because  the  guidance  in  this  notice 
covers  not  only  virtually  every  NIH 
program  but  also  essentially  every 
Federal  research  program  in  which  DNA 
recombinant  molecule  techniques  could 
be  used,  it  has  been  determined  not  to 
be  cost  effective  or  in  the  public  interest 
to  attempt  to  list  these  programs.  Such  a 
list  would  likely  require  several 
additional  pages.  In  addition,  NIH  could 
not  be  certain  that  every  Federal 
program  would  be  included  as  many 
Federal  agencies,  as  well  as  private 
organizations,  both  national  and 
international,  have  elected  to  follow  the 
NIH  Guidelines.  In  lieu  of  the  individual 
program  listing,  NIH  invites  readers  to 
direct  questions  to  the  information 
address  above  about  whether  individual 
programs  listed  in  the  Catalog  of  Federal 
Domestic  Assistance  are  affected. 

Dated:  August  6, 1992. 

Daryl  A.  Chamblee, 

Acting  Associate  Director  for  Science  Policy 

and  Legislation.  NIH 

[FR  Doc.  92-19929  Filed  8-10-92;  8:45  am) 
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DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

National  Institutes  of  Health 

Recombinant  DNA  Research:  Actions 
Under  the  Guidelines 

AGENCY:  National  Institutes  of  Health. 
PHS.  DHHS. 

action:  Notice  of  Actions  Under  the 
NIH  Guidelines  for  Research  Involving 
Recombinant  DNA  Molecules. 

summary:  This  notice  sets  forth  six 
actions  to  be  taken  by  the  Director, 
National  Institutes  of  Health  (NIH). 
under  the  May  7. 1986,  NIH  Guidelines 
for  Research  Involving  Recombinant 
DNA  Molecules  (51  FR  16958). 

FOR  FURTHER  INFORMATION  CONTACT: 
Additional  information  can  be  obtained 
from  Dr.  Nelson  A.  Wivel,  Director, 
Office  of  Recombinant  DNA  Activities 
(ORDA),  Office  of  Science  Policy  and 
Legislation,  National  Institutes  of 
Health,  Building  31,  Room  4B11, 
Bethesda,  Maryland  20892,  (301)  496- 
9838. 

SUPPLEMENTARY  INFORMATION:  Today 
six  actions  are  being  promulgated  under 
the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules. 
These  six  proposed  actions  were 
published  for  comment  in  the  Federal 
Register  of  May  6,  1992  (57  FR  19512) 
and  reviewed  and  recommended  for 
approval  by  the  NIH  Recombinant  DNA 
Advisory  Committee  (RAC)  at  its 
meeting  on  June  1-2, 1992. 

I.  Background  Information  and 
Decisions  on  Actions  Under  the  NIH 
Guidelines 

A.  Addition  of  Appendix  D-XXVI1I  to 
the  NIH  Guidelines 

In  a letter  dated  January  21, 1992,  Dr. 
Malcolm  Brenner  of  St.  Jude  Children's 
Research  Hospital,  Memphis, 

Tennessee,  indicated  his  intention  to 
submit  a human  gene  therapy  protocol 
to  the  RAC  for  formal  review  and 
approval.  The  title  of  this  protocol  is: 
“Phase  I Study  of  Cytokine-Gene 
Modified  Autologus  Neuroblastoma 
Cells  for  Treatment  of  Relapsed/ 
Refractory  Neuroblastoma."  This 
request  was  published  for  cQmment  in 
the  Federal  Register  of  May  6, 1992  (57 
FR  19512). 

The  protocol  was  reviewed  and 
recommended  for  approval  during  the 
RAC  meeting  on  June  1-2, 1992,  with  the 
following  modifications:  (1)  The 
informed  consent  document  will  include 
a statement  regarding  protection  of  the 
patient  from  publicity,  (2)  the  informed 
consent  document  will  include  a request 
for  autopsy  in  the  event  of  death,  and  (3) 


the  Interleukin-2  (IL-2)  viral  vector  will 
be  assayed  in  human  neuroblastoma  cell 
lines  to  verify  that  no  oncogenic  virus  is 

rescued. 

The  RAC.  by  a vote  of  19  in  favor,  0 
opposed,  and  no  abstentions,  approved 
the  protocol.  The  following  section  may 
be  added  to  Appendix  D: 

Appendix  D-XXVIII 

“Dr.  Malcolm  Brenner  of  St.  Jude 
Children’s  Research  Hospital.  Memphis, 
Tennessee,  can  conduct  gene  therapy 
experiments  on  twelve  patients  with 
relapsed/refractory  neuroblastoma  who 
have  relapsed  after  receiving  autologus 
bone  marrow  transplant.  In  an  attempt 
to  stimulate  the  patient’s  immune 
response,  the  gene  coding  for 
Interleukin-2  (IL-2)  will  be  used  to 
transduce  tumor  cells,  and  these  gene- 
modified  cells  will  be  injected 
subcutaneously  in  a Phase  I dose 
escalation  trial.  Patients  will  be 
evaluated  for  evidence  of  possible 
toxicity  and  immunologic  efficacy." 

I accept  this  recommendation  and 
Appendix  D-XXVIII  of  the  NIH 
Guidelines  will  be  added  accordingly. 

B.  Addition  of  Appendix  D-XXIX  to  the 
NIH  Guidelines 

In  a letter  dated  February  14. 1992,  Dr. 
Edward  H.  Oldfield  indicated  his 
intention  to  submit  a human  gene 
therapy  protocol  in  collaboration  with 
Drs.  Kenneth  Culver,  Zvi  Ram,  and  R. 
Michael  Blaese  of  the  National  Institutes 
of  Health,  Bethesda,  Maryland,  to  the 
RAC  for  formal  review  and  approval. 
The  title  of  this  protocol  is:  "Gene 
Therapy  for  the  Treatment  of  Brain 
Tumors  Using  Intra-Tumoral 
Transduction  with  the  Thymidine 
Kinase  Gene  and  Intravenous 
Ganciclovir."  This  request  was 
published  for  comment  in  the  Federal 
Register  of  May  6. 1992  (57  FR  19512). 

The  protocol  was  reviewed  and 
recommended  for  approval  duripg  the 
RAC  meeting  on  June  1-2, 1992,  with  the 
following  modifications:  (1)  Animal 
model  toxicity  data  will  be  submitted  in 
a tabulated  format,  and  (2)  a section  will 
be  included  in  the  protocol  that 
describes  a well  devised  plan  detailing 
the  criteria  for  stopping  the  protocol  in 
the  event  that  untoward  effects  are 
observed,  and  (3)  revisions  in  the 
Informed  Consent  document  regarding 
the  retroviral  vector.  The  RAC,  by  a vote 
of  19  in  favor,  0 opposed,  and  1 
abstention,  approved  the  protocol.  The 
following  section  may  be  added  to 
appendix  D: 

Appendix  D-XXIX 

“Drs.  Edward  Oldfield,  Kenneth 
Culver,  Zvi  Ram.  and  R.  Michael  Blaese 


of  the  National  Institutes  of  Health, 
Bethesda,  Maryland,  can  conduct  gene 
therapy  experiments  on  ten  patients 
with  malignant  primary  brain  tumors 
and  ten  patients  with  lung  cancer,  breast 
cancer,  malignant  melanoma,  or  renal 
cell  carcinoma  who  have  brain 
metastases.  The  patient  population  will 
be  limited  to  adults  over  the  age  of  18. 

“Patients  will  be  divided  into  two 
groups  based  on  the  surgical 
accessibility  of  their  lesions.  Both 
surgically  accessible  and  surgically 
inaccessible  lesions  will  receive  intra- 
tumoral  injections  of  the  retroviral 
Herpes  simplex  thymidine  kinase  (HR- 
tk)  vector-producer  cell  line,  GlTkSvNA, 
using  a guided  stereotaxic  approach. 
Surgically  accessible  lesions  will  be 
excised  seven  days  after  stereotaxic 
injection,  and  the  tumor  bed  will  be 
infiltrated  with  the  HS-tk  producer  cells. 
The  removed  tumor  will  be  evaluated 
for  the  efficiency  of  transduction. 
Ganciclovir  (GCV)  will  be  administered 
beginning  on  the  fifth  postoperative  day. 
In  the  case  of  surgically  inaccessible 
lesions,  the  patients  will  receive 
intravenous  therapy  with  GCV  seven 
days  after  receiving  the  intra-tumoral 
injections  of  the  retroviral  HS-tk  vector- 
producer  cells.” 

I accept  this  recommendation  and 
Appendix  D-XXU(  of  the  NIH 
Guidelines  will  be  added  accordingly. 

C.  Addition  of  Appendix  D-XXX  to  the 
NIH  Guidelines. 

In  a letter  dated  February  28, 1992.  Dr. 
Albert  D.  Deisseroth  of  MD  Anderson 
Cancer  Center,  Houston,  Texas, 
indicated  his  intention  to  submit  a 
human  gene  transfer  protocol  to  the 
RAC  for  formal  review  and  approval. 

The  title  of  this  protocol  is:  “Use  of  Two 
Retroviral  Markers  to  Test  Relative 
Contribution  of  Marrow  and  Peripheral 
Blood  Autologous  Cells  to  Recovery 
After  Preparative  Therapy  (in  Patients 
with  Chronic  Myelogenous  Leukemia)." 
This  request  was  published  for  comment 
in  the  Federal  Register  of  May  6, 1992 
(57  FR  19512). 

Thej»rotocol  was  reviewed  and 
recommended  for  approval  during  the 
RAC  meeting  on  June  1-2, 1992.  The 
RAC  by  a vote  of  20  in  favor,  0 opposed, 
and  no  abstentions,  approved  the 
protocol.  The  following  section  may  be 
added  to  Appendix  D: 

Appendix  D-XXX 

“Dr.  Albert  D.  Deisseroth  of  MD 
Anderson  Cancer  Center,  Houston, 
Texas,  can  conduct  gene  transfer 
experiments  on  ten  patients  who  have 
developed  blast  crisis  or  accelerated 
phase  chronic  myelogenous  leukemia 
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(CML).  The  retroviral  vectors  GlNa  and 
LNL6  which  code  for  neomycin 
resistance  will  be  used  to  transduce 
autologous  peripheral  blood  and  bone 
marrow  cells  respectively;  these  are 
cells  that  have  been  removed  and  stored 
at  the  time  of  cytogenetic  remission  or 
re-induction  of  chronic  phase  in 
Philadelphia  chromosome  positive  CML 
patients.  Following  reinduction  of  the 
chronic  phase  of  CML  and  preparative 
chemotherapy,  patients  will  be  infused 
with  the  transduced  autologous  cells. 

"This  protocol  is  designed  to 
determine  the  source  of  relapse  of  CML. 
If  polyclonal  CML  neomycin  marked 
blastic  cells  appear  at  the  time  of 
relapse,  their  presence  will  indicate  that 
relapse  arises  from  the  leukemic  CML 
blast  cells  present  in  the  autologous 
cells  infused  following  chemotherapy.  If 
residual  systemic  disease  contributes  to 
relapse,  the  neomycin  resistance  gene 
will  not  be  detected  in  the  CML 
leukemic  blasts  at  the  time  of  relapse. 

“By  using  two  separate  vectors 
detectable  by  the  polymerase  chain 
reaction  assay  (PCR),  this  study  will 
compare  the  relative  contributions  of  the 
peripheral  blood  and  marrow  to 
generate  hematopoietic  recovery  after 
bone  marrow  transplantation  and 
evaluate  purging  and  selection  of 
peripheral  blood  or  bone  marrow  as  a 
source  of  stem  cells  for  transplant.  The 
percentage  of  neomycin  resistant  CML 
cells  which  are  leukemic  will  be 
determined  by  PCR  analysis  and 
detection  of  bcr-abl  messenger  RNA.” 

I accept  this  recommendation  and 
Appendix  D-XXX  of  the  NIH  Guidelines 
will  be  added  accordingly,  v- 

D.  Addition  of  Appendix  D-XXXI  to  the 
NIH  Guidelines 

In  a letter  dated  April  14, 1992,  Dr. 
Cynthia  Dunbar  of  the  National 
Institutes  of  Health,  Bethesda, 

Maryland,  indicated  her  intention  to 
submit  three  human  gene  transfer 
protocols  to  the  RAC  for  formal  review  . 
and  approval.  The  titles  of  these 
protocols  are:  “Genetic  Marking  with 
Retroviral  Vectors  to  Study  the  Biology 
of  Hematopoietic  Reconstitution  aft^r 
Autologous  Transplantation  for  Multiple 
Myeloma,”  "Genetic, Marking  with 
Retroviral  Vectors  to  Study  the  Biology 
of  Hematopoietic  Reconstitution  after 
Autologous  Transplantation  for  Breast 
Cancer,”  and  “Genetic  Marking  with 
Retroviral  Vectors  to  Study  the  Biology 
of  Hematopoietic  Reconstitution  after 
Autologous  Transplantation  for  Chronic 
Myelogenous  Leukemia.”  This  request 
was  published  for  comment  in  the 
Federal  Register  of  May  6,  992  (57  FR 
195121. 


These  protocols  were  reviewed  and 
recommended  for  approval  during  the 
RAC  meeting  on  June  1-2,  1992.  The 
RAC,  by  identical  votes  of  19  in  favor,  0 
opposed,  and  no  abstentions,  approved 
the  protocols.  The  following  section  may 
be  added  to  Appendix  D: 

Appendix  D-XXXI 

“Dr.  Cynthia  Dunbar  of  the  National 
Institutes  of  Health,  Bethesda, 

Maryland,  can  conduct  gene  transfer 
experiments  on  up  to  48  patients  with 
multiple  myeloma,  breast  cancer,  or 
chronic  myelogenous  leukemia.  The 
retroviral  vectors  GIN  and  LNL6  will  be 
used  to  transfer  the  neomycin  resistance 
marker  gene  into  autologous  bone 
marrow  and  peripheral  blood  stem  cells 
in  the  presence  of  growth  factors  to 
examine  hematopoietic  reconstitution 
after  bone  marrow  transplantation.  The 
efficiency  of  transduction  of  both  short 
and  long  term  autologous  bone  marrow 
reconstituting  cells  will  be  examined. 

“Autologous  bone  marrow  and 
CD34  + peripheral  blood  stem  cells  will 
be  enriched  prior  to  transduction. 
Myeloma  and  CML  patients  will  receive 
both  autologous  bone  marrow  and 
peripheral  blood  stem  cell 
transplantation.  These  separate 
populations  will  be  marked  with  both 
the  GlN  and  LNL8  retroviral  vectors.  If 
short  and  long  term  marking 
experiments  are  successful,  important 
information  may  be  obtained  regarding 
the  biology  of  autologous  reconstitution, 
the  feasibility  of  retroviral  gene  transfer 
into  hematopoietic  cells,  and  the 
contribution  of  viable  tumor  cells  within 
the  autograft  to  disease  relapse.” 

I accept  this  recommendation  and 
Appendix  D-XXXI  of  the  NIH 
Guidelines  will  be  added  accordingly. 

E.  Addition  of  Appendix  D-XXXII  to  the 
NIH  Guidelines 

In  a letter  dated  January  16, 1992,  Dr. 
Bemd  Gansbacher  of  the  Memorial 
Sloan-Kettering  Cancer  Center,  New 
York,  New  York,  indicated  his  intention 
to  submit  a human  gene  therapy 
protocol  to  the  RAC  for  formal  review 
and  approval.  The  title  of  the  protocol  is: 
"Immunization  with  HLA-A2  Matched 
Allogeneic  Melanoma  Cells  that  Secrete 
Interleukin-2  (IL— 2)  in  Patients  with 
Metastatic  Melanoma."  This  request 
was  published  for  comment  in  the 
Federal  Register  of  May  6. 1992  (57  FR 
19512). 

The  protocol  was  reviewed  and 
recommended  for  approval  during  the 
RAC  meeting  on  June  1-2, 1992,  with  the 
following  modifications:  (1)  the  patient 
eligibility  criteria  will  be  defined  as 
those  who  have  a life  expectancy  of 
greater  than  four  months  and  who  have 


failed  one  course  of  conventional 
therapy,  and  (2)  a revised  statement  will 
be  included  in  the  Informed  Consent 
document  regarding  the  description  of 
research  procedures.  The  RAC,  by  a 
vote  of  20  in  favor,  0 opposed,  and  no 
abstentions,  approved  the  protocol.  The 
following  section  may  be  added  to 
Appendix  D: 

Appendix  D-XXXII 

“Dr.  Bemd  Gansbacher  of  the 
Memorial  Sloan-Kettering  Cancer 
Center,  New  York,  New  York,  can 
conduct  gene  therapy  experiments  on 
twelve  patients  over  18  years  of  age 
with  metastatic  melanorma  who  are 
HLA-A2  positive  and  who  have  failed 
conventional  therapy.  This  Phase  I study 
will  examine  whether  allogeneic  HLA- 
A2  matched  melanoma  cells  expressing 
recombinant  human  Interleukin-2  (IL-2) 
can  be  injected  subcutaneously  and 
used  to  create  a potent  tumor-specific 
immune  response  without  producing 
toxicity.  By  allowing  the  tumor  cells  to 
present  the  MHC  Class  I molecule  as 
well  as  the  secreted  IL-2,  a clonal 
expansion  of  tumor-specific  effector 
cells  js  expected.  The  effector 
populations  may  access  residual  tumor 
at  distant  sites  via  the  systemic 
circulation." 

I accept  this  recommendation  and 
Appendix  D-XXXII  of  the  NIH 
Guidelines  will  be  added  accordingly. 

F.  Addition  of  Appendix  D-XXXIII  to 
the  NIH  Guidelines 

In  a letter  dated  January  16, 1992,  Dr. 
Bemd  Gansbacher  of  the  Memorial 
Sloan-Kettering  Cancer  Center,  New 
York,  New  York,  indicated  his  intention 
to  submit  a human  gene  therapy 
protocol  to  the  RAC  for  formal  review 
and  approval.  The  title  of  this  protocol 
is:  "Immunization  with  IL-2  Secreting 
Allogeneic  HLA-A2  Matched  Renal  Cell 
Carcinoma  Cells  in  Patients  with 
Advanced  Renal  Cell  Carcinoma.”  This 
request  was  published  for  comment  in 
the  Federal  Register  of  May  6, 1992  (57 
FR  19512). 

The  protocol  was  reviewed  and 
recommended  for  approval  during  the 
RAC  meeting  on  June  1-2, 1992,  with  a 
modification  to  the  patient’s  Informed 
Consent  regarding  the  description  of 
research  procedures.  The  RAC,  by  a 
vote  of  20  in  favor,  0 opposed,  and  no 
abstentions,  approved  the  protocol.  The 
following  section  may  be  added  to 
appendix  D: 

Appendix  D-XXXIII 

“Dr.  Bemd  Gansbacher  of  the 
Memorial  Sloan-Kettering  Cancer 
Center,  New  York.  New  York,  can 
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conduct  gene  therapy  experiments  on 
twelve  patients  over  18  years  of  age 
with  renal  cell  carcinoma  who  are  HLA- 
A2  positive  and  who  have  failed 
conventional  therapy.  This  Phase  I study 
w ill  examine  whether  allogeneic  HLA- 
A2  matched  renal  cell  carcinoma  cells 
expressing  recombinant  human 
lnterleukin-2  (IL-2)  can  be  injected 
subcutaneously  and  used  to  create  a 
potent  tumor  specific  immune  response 
without  producing  toxicity.  By  allowing 
the  tumor  cells  to  present  the  MHC 
Class  I molecule  as  well  as  the  secreted 
IL-2.  a clonal  expansion  of  tumor 
specific  effector  cells  is  expected.  These 
effector  populations  may  access  residual 
tumor  at  distant  sites  via  the  systemic 
circulation.” 

I accept  this  recommendation  and 
Appendix  D-XXX'M  of  the  NIH 
Guidelines  will  be  added  accordingly. 

11.  Summary  of  Actions 

A.  Addition  of  Appendix  D-XXVIII  to 
the  NIH  Guidelines 

The  following  section  is  added  to 
Appendix  D: 

"Dr.  Malcolm  Brenner  of  SL  Jude 
Children’s  Research  Hospital.  Memphis. 
Tennessee,  can  conduct  gene  therapy 
experiments  on  twelve  patients  with 
relapsed/refractory  neuroblastoma  who 
have  relapsed  after  receiving  autologous 
bone  marrow  transplant  In  an  attempt 
to  stimulate  the  patient’s  immune 
response,  the  gene  coding  for 
Interleukin-2  (IL-2)  will  be  used  to 
transduce  tumor  cells,  and  these  gene- 
modified  cells  will  be  injected 
subcutaneously  in  a Phase  1 dose 
escalation  trial.  Patients  will  be 
evaluated  for  an  anti-tumor  response.” 

B.  Addition  of  Appendix  D-XXIX  to  the 
NIH  Guidelines 

The  following  section  is  added  to 
Appendix  D: 

"Drs.  Edward  Oldfield.  Kenneth 
Culver,  Zvi  Ram,  and  R.  Michael  Blaese 
of  the  National  Institutes  of  Health, 
Bethesda,  Maryland,  can  conduct  gene 
therapy  experiments  on  ten  patients 
with  primary  malignant  brain  tumors 
and  ten  patients  with  lung  cancer,  breast 
cancer,  malignant  melanoma,  or  renal 
cell  carcinoma  who  have  brain 
metastases.  The  patient  population  will 
be  limited  to  adults  over  the  age  of  18. 

“Patients  will  be  divided  into  two 
groups  based  on  the  surgical 
accessibility  of  their  lesions.  Both 
surgically  accessible  and  surgically 
inaccessible  lesions  will  receive  intra- 
tumoral  injections  of  the  retroviral 
I lerpes  simplex  thymidine  kinase  (HS- 
tk)  vector-producer  cell  line,  GlTVSvNa, 
using  a guided  stereotaxic  approach. 


Surgically  accessible  lesions  will  be 
excised  seven  days  after  sterotaxic 
injection,  and  the  tumor  bed  will  be 
infiltrated  with  the  HS-tk  producer  cells. 
The  removed  tumor  will  be  evaluated 
for  the  efficiency  of  transduction. 
Ganciclovir  (GCV)  will  be  administered 
beginning  on  the  fifth  postoperative  day. 
In  the  case  of  surgically  inaccessible 
lesions,  the  patients  will  receive 
intravenous  therapy  with  GCV  seven 
days  after  receiving  the  intra-tumoral 
injections  of  the  retroviral  HS-tk  vector- 
producer  cells." 

C.  Addition  of  Appendix  D-XXX  to  the 
NIH  Guidelines 

The  following  section  is  added  to 
Appendix  D: 

“Dr.  Albert  D.  Deisseroth  of  MD 
Anderson  Cancer  Center,  Houston, 
Texas,  can  conduct  gene  transfer 
experiments  on  ten  patients  who  have 
developed  blast  crisis  or  accelerated 
phase  chronic  myelogenous  leukemia 
(CML).  The  retroviral  vectors  GIN  and 
LNL8  which  code  for  neomycin 
resistance  will  be  used  to  transduce 
autologous  peripheral  blood  and  bone 
marrow  cells  that  have  been  removed 
and  stored  at  the  time  of  cytogenetic 
remission  or  re-duction  of  chronic  phase 
in  Philadelphia  chromosome  positive 
CML  patients.  Following  reinduction  of 
the  chronic  phase  of  CML  and 
preparative  chemotherapy,  patients  will 
be  infused  with  the  transduced 
autologous  cells. 

"This  protocol  is  designed  to 
determine  the  cause  of  relapse  of  CML. 

If  polyclonal  CML  neomycin  marked 
blastic  cells  appear  at  the  time  of 
relapse,  their  presence  will  indicate  that 
relapse  arises  from  the  leukemic  CML 
blast  cells  present  in  the  autologous 
cells  infused  following  chemotherapy.  If 
residual  systemic  disease  contributes  to 
relapse,  the  neomycin  resistance  gene 
will  not  be  detected  in  the  CML 
leukemic  blasts  at  the  time  of  relapse. 

“This  study  will  compare  the  relative 
contributions  of  the  peripheral  blood 
and  bone  marrow  to  generate 
hematopoietic  recovery  after  bone 
marrow  transplantation  and  evaluate 
purging  and  selection  of  peripheral 
blood  or  bone  marrow  as  a source  of 
Stem  cells  for  transplant.  The  percentage 
of  neomycin  resistant  CML  cells  which 
are  leukemic  will  be  determined  by  PCR 
analysis  and  detection  of  bcr-abl 
mRNA.” 

D.  Addition  of  Appendix  D-XXX1  to  the 
NIH  Guidelines 

The  following  section  is  added  to 
Appendix  D: 

“Dr.  Cynthia  Dunbar  of  the  National 
Institutes  of  Health,  Bethesda. 


Maryland,  can  conduct  gene  transfer 
experiments  on  up  to  48  patients  with 
multiple  myeloma,  breast  cancer,  or 
chronic  myelogenous  leukemia.  The 
retroviral  vectors  GIN  and  LNL6  will  be 
used  to  transfer  the  neomycin  resistance 
marker  gene  into  autologous  bone 
marrow  and  peripheral  blood  stem  cells 
in  the  presence  of  growth  factors  to 
examine  hematopoietic  reconstitution 
after  bone  marrow  transplantation.  The 
efficiency  of  transduction  of  both  short 
and  long  term  autologous  bone  marrow 
reconstituting  cells  will  be  examined. 

“Autologous  bone  marrow  and 
CD34  + peripheral  blood  stem  cells  will 
be  enriched  prior  to  transduction. 
Myeloma  and  CML  patients  will  receive 
both  autologous  bone  marrow  and 
peripheral  blood  stem  cell 
transplantation.  These  separate 
populations  will  be  marked  with  both 
the  GIN  and  LNL6  retroviral  vectors.  If 
short  and  long  term  marking 
experiments  are  successful,  important 
information  may  be  obtained  regarding 
the  biology  of  autologous  reconstitution, 
the  feasibility  of  retroviral  gene  transfer 
into  hematopoietic  cells,  and  the 
contribution  of  viable  tumor  cells  within 
the  autograft  to  disease  relapse." 

E.  Addition  of  Appendix  D-XXXIl  to  the 
NIH  Guidelines 

The  following  section  is  added  to 
Appendix  D: 

“Dr.  Bemd  Gansbacher  of  the 
Memorial  Sloan-Kettering  Cancer 
Center,  New  York,  New  York,  can 
conduct  gene  therapy  experiments  on 
twelve  patients  over  18  years  of  age 
with  metastatic  melanoma  who  are 
HLA-A2  positive  and  who  have  failed 
conventional  therapy.  This  is  a phase  I 
study  to  examine  whether  allogeneic 
HLA-A2  matched  melanoma  cells 
expressing  recombinant  human 
Interleukin-2  (IL-2)  can  be  injected 
subcutaneously  and  used  to  create  a 
potent  tumor  specific  immune  response 
without  producing  toxidty.  By  allowing 
the  tumor  cells  to  present  the  MHC 
Class  I molecule  as  well  as  the  secreted 
IL-2,  a clonal  expansion  of  tumor 
specific  effector  cells  is  expected.  These 
effector  populations  may  access  residual 
tumor  at  distant  sites  via  the  systemic 
circulation.” 

F.  Addition  of  Appendix  D-XXXIII  to 
the  NIH  Guidelines 

The  following  section  is  added  to 
Appendix  D: 

Dr.  Bemd  Gansbacher  of  the 
Memorial  Sloan-Kettering  Cancer 
Center.  New  York,  New  York,  can 
conduct  gene  therapy  experiments  on 
twelve  patients  over  18  yjars  of  age 
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with  renal  cell  carcinoma  who  are  HLA- 
A2  positive  and  who  have  failed 
conventional  therapy.  This  Phase  I study 
will  examine  whether  allogeneic  HLA- 
A2  matched  renal  cell  carcinoma  cells 
expressing  recombinant  human 
Interleukin-2  (IL-2)  can  be  injected 
subcutaneously  and  used  to  create  a 
potent  tumor  specific  immune  response, 
without  producing  toxicity.  By  allowing 
the  tumor  cells  to  present  the  MHC 
Class  I molecule  as  well  as  the  secreted 
IL-2,  a clonal  expansion  of  tumor 
specific  effector  cells  is  expected.  These 
effector  populations  may  access  residual 
tumor  at  distant  sites  via  the  systemic 
circulation.” 

OMB's  “Mandatory  Information 


Requirements  for  Federal  Assistance 
Program  Announcements"  (45  FR  39592) 
requires  a statement  concerning  the 
official  government  programs  contained 
in  the  Catalog  of  Federal  Domestic 
Assistance.  Normally  NIH  lists  in  its 
announcements  the  number  and  title  of 
affected  individual  programs  for  the 
guidance  of  the  public.  Because  the 
guidance  in  this  notice  covers  not  only 
virtually  every  NIH  program  but  also 
essentially  every  Federal  research 
program  in  which  DNA  recombinant 
molecule  techniques  could  be  used,  it 
has  been  determined  to  be  not  cost 
effective  or  in  the  public  interest  to 
attempt  to  list  these  programs.  Such  a 
list  would  likely  require  several 


additional  pages.  In  addition,  NIH  could 
not  be  certain  that  every  Federal 
program  would  be  included  as  many 
Federal  agencies,  as  well  as  private 
organizations,  both  national  and 
international,  have  elected  to  follow  the 
NIH  Guidelines.  In  lieu  of  the  individual 
program  listing,  NIH  invites  readers  to 
direct  questions  to  the  information 
address  above  about  whether  individual 
programs  listed  in  the  Catalog  of  Federal 
Domestic  Assistance  are  affected. 

Effective  date:  August  14, 1992. 

Bemadine  Healy, 

Director,  National  Institutes  of  Health. 

[FR  Doc.  92-20389  Filed  8-25-92;  8:45  am) 
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DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
PUBLIC  HEALTH  SERVICE 
NATIONAL  INSTITUTES  OF  HEALTH 

RECOMBINANT  DNA  ADVISORY  COMMITTEE 

MINUTES  OF  MEETING1 

September  14-15, 1992 

The  Recombinant  DNA  Advisory  Committee  (RAC)  was  convened  for  its  fiftieth 
meeting  at  9:00  a.m.  on  September  14,  1992,  at  the  Bethesda  Marriott  Hotel,  5151  Pooks 
Hill  Road,  Bethesda,  Maryland  20892.  Dr.  Barbara  E.  Murray  (Chair)  presided.  In 
accordance  with  Public  Law  92-463,  the  meeting  was  open  to  the  public.  The  following 
were  present  for  all  or  part  of  the  meeting: 

Committee  members: 

John  H.  Barton,  Stanford  Law  School 

A1  W.  Bourquin,  Ecova  Italia 

Nancy  L.  Buc,  Weil,  Gotshal,  and  Manges 

Alexander  M.  Capron,  University  of  Southern  California 

Ira  H.  Carmen,  University  of  Illinois 

Gary  A.  Chase,  Johns  Hopkins  University 

Patricia  A.  DeLeon,  University  of  Delaware 

Roy  H.  Doi,  University  of  California 

Krishna  R.  Dronamraju,  The  Genetics  Foundation 

E.  Peter  Geiduschek,  University  of  California,  San  Diego 

Robert  Haselkom,  University  of  Chicago 

Susan  S.  Hirano,  University  of  Wisconsin 

Donald  J.  Krogstad,  Tulane  University  School  of  Medicine 

Brigid  G.  Leventhal,  Johns  Hopkins  Hospital 

A.  Dusty  Miller,  Fred  Hutchinson  Cancer  Research  Center 

Barbara  E.  Murray,  University  of  Texas 

Robertson  Parkman,  Childrens  Hospital  of  Los  Angeles 

Leonard  E.  Post,  Parke-Davis  Pharmaceutical  Division 

Moselio  Schaechter,  Tufts  University  School  of  Medicine 

Marian  G.  Secundy,  Howard  University  College  of  Medicine 

LeRoy  B.  Walters,  Georgetown  University 

Doris  T.  Zallen,  VA  Polytechnic  Institute  & State  University 


*The  RAC  is  advisory  to  the  National  Institutes  of  Health  (NIH),  and  its 
recommendations  should  not  be  considered  as  final  or  accepted.  The  Office  of 
Recombinant  DNA  Activities  should  be  consulted  for  NIH  policy  on  specific 
issues. 
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Executive  secretary: 

Nelson  A.  Wivel,  National  Institutes  of  Health 
A committee  roster  is  attached  (Attachment). 

Ad  hoc  consultants: 

William  N.  Kelley,  University  of  Pennsylvania  Medical  Center 
Abbey  S.  Meyers,  National  Organization  for  Rare  Disorders 

Non-voting  agency  representatives: 

Bernard  Greifer,  Department  of  Commerce 
Henry  I.  Miller,  Food  and  Drug  Administration 
Ralph  Yodaiken,  Department  of  Labor 

Liaison  Representative: 

Daniel  Jones,  National  Endowment  for  the  Humanities 

National  Institutes  of  Health  staff: 

French  Anderson,  NHLBI 
Michael  Blaese,  NCI 
Charles  Carter,  CC 
Lauren  Chang,  NHLBI 
Chin-Shyan  Chu,  NHLBI 
Ronald  Crystal,  NHLBI 
Cindy  Dunbar,  NHLBI 
Jay  Greenblatt,  NCI 
Christine  Ireland,  OD 
Susan  Jenks,  NCI 
Cliff  Lane,  NIAID 
Becky  Lawson,  OD 
Susan  Leitman,  CC 
John  Miller,  OPRR 
Richard  Morgan,  NHLBI 
Jack  Raghub,  NHLBI 
Robert  Walker,  NIAID 
Debra  Wilson,  OD 
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Others: 

Paul  Aebersold,  Food  and  Drug  Administration 
James  Barrett,  Genetic  Therapy,  Inc. 

Mark  Beminger,  Life  Technologies,  Inc. 

Malcolm  Brenner,  St.  Judes  Childrens  Hospital 
Vickers  Burdett,  Duke  University 
Barrie  Carter,  Targeted  Genetics 
Kenneth  Cartwright,  Alteon,  Inc. 

Yawen  Chang,  Genetic  Therapy,  Inc. 

Valentina  Ciccarone,  Life  Technologies,  Inc. 

Albert  Deisseroth,  MD  Anderson  Cancer  Research  Center 
Wanda  De Vlaminck,  Somatix  Therapy,  Inc. 

Suzanne  Forry-Schaudies,  Genetic  Therapy,  Inc. 

Jeffrey  Fox,  ASM  News 
Marianne  Grossman,  University  of  Michigan 
Russell  Herndon,  Genzyme  Corporation 
Markus  Hunkeler,  Life  Technologies,  Inc. 

John  Jaugstetter,  Genentech 
Joel  Jessee,  Life  Technologies,  Inc. 

Joseph  Kozlovac,  University  of  Maryland 

Maryann  Krane,  Genzyme  Corporation 

Karen  Lee,  National  Museum  of  American  History 
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I.  CALL  TO  ORDER 

Dr.  Murray  (Chair)  called  the  meeting  to  order.  She  noted  that  the  notice  of  meeting 
was  published  in  the  Federal  Register  15  days  prior  to  September  14  as  required  by  the 
National  Institutes  of  Health  Guidelines  for  Research  Involving  Recombinant  DNA 
Molecules  (NIH  Guidelines).  The  RAC  serves  as  advisor  to  the  NIH  Director.  The 
Director  may  accept,  reject,  or  send  the  RAC's  recommendations  back  to  the  committee 
for  further  deliberation. 

Dr.  Murray  stated  that  a quorum  was  present  and  outlined  the  order  in  which  speakers 
would  be  recognized.  The  primary  and  secondary  reviewers  will  present  their  reviews  of 
the  protocol,  followed  by  responses  from  the  principal  investigators  of  the  protocols. 

The  Chair  will  then  recognize  other  RAC  members,  ad  hoc  consultants,  other  NIH  and 
Federal  employees,  the  public  who  have  submitted  written  statements  prior  to  the 
meeting,  followed  by  the  public  at  large.  She  welcomed  Dr.  Gary  Chase  of  Johns 
Hopkins  University  as  a new  member  of  the  RAC.  She  noted  that  a quorum  was 
present. 

II.  MINUTES  OF  THE  JUNE  1-2,  1992,  MEETING 

Dr.  Murray  called  on  Dr.  Parkman  to  review  the  minutes  of  the  June  1 and  2,  1992, 

RAC  meeting.  Dr.  Parkman  stated  that  the  minutes  of  the  June  1-2,  1992,  RAC  meeting 
were  an  accurate  reflection  of  the  committee's  deliberations;  however,  he  suggested 
several  minor  corrections.  Drs.  D.  Miller  and  Geiduschek  stated  that  they  had  additional 
minor  corrections,  and  that  they  would  submit  these  changes  in  writing. 

A motion  was  made  by  Dr.  Parkman  and  seconded  by  Dr.  DeLeon  to  approve  the 
minutes  including  the  changes  submitted  by  Drs.  Parkman,  D.  Miller,  and  Geiduschek. 
Dr.  Murray  called  for  the  vote.  The  minutes  were  approved  by  a vote  of  17  in  favor,  0 
opposed,  and  no  abstentions. 

III.  PROPOSED  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING 
A HUMAN  GENE  TRANSFER  PROTOCOL  ENTITLED:  A STUDY  OF  THE  SAFETY 
AND  SURVIVAL  OF  THE  ADOPTIVE  TRANSFER  OF  GENETICALLY  MARKED 
SYNGENEIC  LYMPHOCYTES  IN  HIV  INFECTED  IDENTICAL  TWINS /DRS. 
WALKER  AND  BLAESE 

Review--Dr.  Post 

Dr.  Murray  called  on  Dr.  Post  to  present  his  primary  review  of  the  protocol  submitted  by 
Drs.  Robert  Walker  and  R.  Michael  Blaese  of  the  NIH,  Bethesda,  Maryland.  Dr.  Post 
provided  a brief  overview  of  the  protocol.  The  protocol  involves  the  in  vitro  culture  of 
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lymphocytes  from  the  identical  twin  of  an  human  immunodeficiency  virus  (HIV)  positive 
( + ) patient.  The  lymphocytes  will  be  separated  into  CD4(  + ) and  CD8(  + ) 
subpopulations.  Each  of  these  subpopulations  will  be  marked  with  one  of  two  different 
retroviral  vectors,  GINa  or  LNL6,  and  reinfused  into  the  HIV  infected  twin. 

Transfection  of  the  lymphocytes  with  the  retroviral  markers  will  determine  survival  of  the 
infused  cells.  In  addition,  the  investigators  will  examine  any  potential  benefit  resulting 
from  the  infusion  of  uninfected  T lymphocytes. 

Dr.  Post  inquired  whether  there  is  any  real  expectation  that  this  protocol  will  provide  any 
therapeutic  effect.  The  infusion  of  activated  T cells  into  HIV(  + ) patients  may  present 
an  inherent  safety  issue  because  CD4(  + ) cells  are  the  target  of  HIV  replication.  Since 
these  patients  are  already  immunodeficient,  infusion  of  activated  T cells  may  increase  the 
pathogenicity  of  the  disease.  The  investigators  responded  to  these  concerns  stating  that 
there  is  a clinical  protocol  already  in  progress  in  which  patients  have  received  CD8(  + ) 
cells  and  no  untoward  effects  have  been  observed.  However,  these  results  do  not  predict 
the  outcome  of  infusing  large  numbers  of  CD4(  + ) cells.  Language  has  been 
incorporated  into  the  informed  consent  document  informing  patients  that  if  untoward 
effects  are  observed  as  a result  of  the  T cell  administration,  the  protocol  will  be 
terminated  immediately.  In  addition,  patients  will  be  monitored  for  viral  titers. 

Dr.  Post  explained  that  the  protocol  presents  a great  deal  of  latitude  with  regard  to  the 
number  of  cells  that  will  be  infused.  Peripheral  blood  mononuclear  cells  will  be 
fractionated  by  CD4(  + ) selection  and/or  CD8(-)  depletion.  Patients  will  receive 
between  3 x 109  and  2 x 1011  fractionated  cells. 

Although  the  investigators  propose  to  use  the  standard  retroviral  vectors,  GINa  and 
LNL6,  that  have  been  reviewed  numerous  times  by  the  RAC,  it  is  unclear  what  assays 
will  be  performed  to  detect  helper  virus  contamination.  At  the  last  RAC  meeting,  Dr. 
Anderson  stated  that  the  acceptable  standard  is  currently  to  propagate  the  packaging  cell 
line  for  two  to  three  weeks  after  the  vector  has  been  harvested  to  demonstrate  the  lack 
of  helper  virus.  Dr.  Post  stated  that  the  Food  and  Drug  Administration  (FDA)  has  been 
conducting  discussions  regarding  revised  standards  for  monitoring  helper  virus.  When  he 
addressed  concerns  regarding  vector  safety  testing,  the  investigators  noted  that  the 
supplier  of  the  vector,  Genetic  Therapy,  Inc.  (GTI),  currently  performs  extended 
culturing  of  the  packaging  line  following  harvest  as  well  as  co-cultivation  with  an 
indicator  cell  line.  It  should  be  noted;  however,  that  co-cultivation  has  not  been 
accepted  yet  as  a validated  protocol  for  the  detection  of  replication  competent  helper 
virus.  He  asked  the  investigators  and  Dr.  D.  Miller  to  respond  to  the  importance  of  co- 
cultivation experiments. 

There  are  no  restrictions  on  the  patient's  stage  of  disease  as  an  inclusion  or  exclusion 
criterion  for  this  protocol;  patients  can  have  an  asymptomatic  HIV  diagnosis  or  advanced 
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acquired  immunodeficiency  syndrome  (AIDS).  The  investigators  state  that  this  latitude 
will  yield  valuable  information  regarding  the  various  stages  of  the  disease.  There  will  be 
no  restrictions  on  patients  obtaining  concurrent  therapy.  Patients  will  have  the  option  to 
enroll  in  other  experimental  protocols.  Overall,  the  investigators  adequately  responded 
to  Dr.  Post's  concerns  and  he  requested  that  they  address  the  few  remaining  questions 
presented  in  his  review.  He  recommended  that  the  RAC  approve  the  protocol. 

Review-Dr.  Dronamraju 

Dr.  Dronamraju  inquired  if  the  investigators  will  make  a conscious  attempt  to  randomize 
the  patient  population  with  regard  to  the  stage  of  their  disease,  or  is  the  twin  population 
so  limited  that  latitude  is  necessary  in  order  to  obtain  a sufficient  number  of  patients 
entering  the  protocol?  Are  there  patients  already  available  to  enter  the  protocol?  What 
will  be  the  investigator's  next  step?  What  is  the  rationale  for  having  not  provided  in  vivo 
animal  data  to  support  the  protocol? 

Review-Dr.  Carmen 

Dr.  Carmen  stated  that  the  protocol  understates  its  prospects  for  broad  theoretical 
contributions  to  the  determination  of  how  genetic  factors  trigger  specific  behavior 
patterns  in  humans.  Identical  twin  literature  has  its  own  place  on  the  natural  science, 
neuroscientific,  and  social  science  research  agenda.  He  recommended  approval  of  this 
protocol  because  valuable  information  will  be  obtained  regarding  the  relevant 
parameters  of  sexual  orientation. 

Other  Comments 

Dr.  Parkman  asked  if  the  clinical  protocol  (without  gene  marking)  involves  the 
administration  of  CD4(  + ) and  CD8(  + ) cells.  If  the  clinical  protocol  is  identical  exept 
for  the  addition  of  gene  marking,  then  the  RAC  should  only  consider  the  gene  marking 
portion  of  this  protocol.  If  the  analogous  protocol  uses  only  nonactivated  CD4(  + ) and 
CD8(  + ) cells,  then  the  entire  protocol  would  fall  under  the  purview  of  the  RAC. 

Dr.  Parkman  stated  that  no  information  was  provided  by  the  investigators  regarding  the 
transduction  efficiencies  in  these  fractionated  subpopulations  of  lymphocytes.  Since 
CD4(  + ) cells  are  being  administered  in  the  activated  state,  could  they  also  become 
infected  with  HIV?  The  protocol  states  that  if  there  is  an  overall  increase  in  vital 
activation  or  decrease  in  CD4  counts,  the  protocol  will  be  stopped.  Will  samples  be 
obtained  from  the  patients  after  the  cells  have  been  administered  and  cultured  in  order 
to  determine  the  presence  of  HIV  in  gene  marked  cells?  If  there  is  evidence  that  gene 
marked  cells  have  been  infected,  will  the  investigators  stop  or  continue  the  protocol? 
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Dr.  ZaJlen  asked  questions  regarding  the  informed  consent  for  this  protocol.  Is  the 
uninfected  donor  aware  of  the  HIV  status  of  the  infected  twin  prior  to  reviewing  the 
informed  consent  document?  The  recipient  consent  form  states  that  there  will  be  no 
costs  assigned  for  the  procedures  associated  with  this  study.  It  states  that  immediate 
medical  care  will  be  provided  in  the  event  of  physical  injury  resulting  from  participation 
in  this  study;  however,  there  is  no  provision  for  free  medical  care.  She  asked  the 
investigators  to  explain  the  discrepancy.  The  donor  consent  form  should  clearly  state 
that  the  donor  will  have  to  donate  cells  at  three  different  times. 

Dr.  Chase  said  that  the  protocol  would  provide  useful  information  if  the  design  was 
limited  to  several  defined  populations  of  patients  rather  than  such  a broad  range  of 
diagnoses. 

Dr.  Walters  noted  that  although  the  investigators  have  stated  that  patients  are  eligible 
for  a similar  protocol  without  the  gene  marking  aspect,  this  option  has  been  omitted  as 
an  alternative  therapy  in  the  informed  consent  document. 

As  a follow-up  to  Dr.  Zallen's  comments  regarding  financial  compensation  for  injury,  Mr. 
Capron  suggested  that  the  investigators  limit  liability  to  non-negligent  injuries  so  that  the 
patients  do  not  perceive  themselves  as  waiving  their  rights  to  recover  compensation  if 
they  are  injured  through  negligence.  Mr.  Capron  suggested  revising  the  language  in  the 
informed  consent  document  regarding  this  issue. 

Dr.  Haselkom  explained  that  the  RAC  recently  reviewed  another  protocol  involving  HIV 
in  identical  twins  that  was  submitted  by  investigators  at  Sloan-Kettering  Memorial 
Cancer  Center  in  New  York.  Would  there  be  competition  between  investigators  for  the 
same  groups  of  patients? 

Presentation--Dr.  Walker 

Dr.  Murray  called  on  Dr.  Walker  to  respond  to  the  questions  and  comments  of  the 
primary  reviewers  and  other  members  of  the  RAC. 

Dr.  Walker  addressed  the  issue  of  disease  stage.  Currently,  there  is  a list  of 
approximately  24  identical  twin  pairs  that  are  eligible  to  participate  in  this  study. 
Approximately  one-half  to  two-thirds  of  these  twins  have  expressed  interest  in  entering 
this  protocol  if  it  is  approved  by  NIH.  The  fact  is  that  there  are  very  few  individuals  that 
fulfill  the  criteria  of  this  study.  Therefore,  it  is  not  possible  to  study  the  various  disease 
stages  in  a controlled  manner.  However,  important  information  will  be  obtained 
regarding  the  efficacy  of  administering  activated  T cells. 

Dr.  Walker  explained  that  the  concurrent  protocol  (approved  by  the  National  Institute  of 
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Allergy  and  Infectious  Diseases)  differs  from  this  proposal  because  it  is  only  a clinical 
trial  with  no  gene  marking  procedure  and  there  is  no  fractionation  of  the  T cells  into 
CD4(  + ) and  CD8(  + ) subpopulations.  Therefore,  it  is  relevant  that  the  RAC  review  the 
entire  protocol,  not  just  the  gene  marking  aspects. 

Following  infusion,  a select  number  of  patients  will  have  samples  collected  and  their  cells 
will  be  sorted  for  CD4(  + ) and  CD8(  + ) cells.  These  cells  will  then  be  cultured  to 
analyze  virus  production.  Daily  assays  will  be  performed  to  monitor  p24  antigen  levels 
and  viremia  during  the  first  week  following  infusion  and  weekly  thereafter  for  six  weeks. 
Any  significant  increase  in  HIV  production  will  be  detected  immediately. 

Regarding  cost  to  the  individual  patient  participating  in  the  protocol,  Dr.  Walker  stated 
that  NIH  will  assume  all  costs  that  are  incurred  after  the  screening  visit.  In  the  event  of 
injury,  the  NIH  will  assume  care  for  the  patient  to  the  extent  that  it  is  permitted.  If  a 
patient  develops  a chronic  illness  as  a result  of  the  therapeutic  protocol,  NIH  would  offer 
compensation  and  care  on  a case-by-case  basis  with  the  patient's  home  care  provider. 

In  response  to  concerns  regarding  competition  for  the  identical  twin  population  between 
researchers  at  different  institutions,  Dr.  Walker  explained  that  inevitably  there  will  be 
competition  for  a limited  pool  of  patients.  The  decision  to  participate  is  always  made  by 
the  patient.  Currently,  there  is  no  communication  with  other  laboratories  with  regard  to 
this  issue. 

Presentation— Dr.  Blaese 

Dr.  Blaese  addressed  the  issue  of  transduction  efficiency.  Transduction  efficiencies 
observed  in  whole  populations  of  cells  is  similar  to  those  observed  with  CD4(  + ) and 
CD8(+)  subpopulations;  however,  there  is  variability  between  patients  and  between 
cultures.  This  result  is  the  reason  that  latitude  has  been  incorporated  into  the  protocol 
regarding  cell  numbers. 

Discussion 

Dr.  Parkman  asked  how  they  would  distinguish  the  patient's  autologous  HIV  infected 
cells  from  CD4(  + ) and  CD8(  + ) that  became  infected  following  infusion?  Will  the 
patient's  cells  be  selected  in  G418  in  order  to  isolate  and  examine  viral  production  in 
marked  transduced  cells?  Dr.  Blaese  responded  that  these  selection  procedures  would 
be  performed.  Dr.  Parkman  noted  that  this  information  was  not  included  in  the 
protocol. 

In  response  to  Dr.  Zallen's  comments  regarding  the  informed  consent  process  for  the 
healthy  donor  twin,  Dr.  Walker  said  that  it  is  essential  that  the  donor  twin  is  aware  of 
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the  HIV  status  of  the  infected  recipient  prior  to  obtaining  the  informed  consent.  Dr. 
Lane  responded  that  in  previous  HIV  twin  studies,  the  infected  twin  always  places  the 
initial  telephone  call  to  the  investigator  performing  the  research.  At  that  time,  the 
investigator  asks  the  patient  for  permission  to  discuss  their  HIV  status  with  the  healthy 
identical  twin.  The  researcher  then  meets  with  the  twins  together  and  separately, 
providing  each  the  opportunity  to  ask  questions  privately.  Therefore,  the  informed 
consent  issue  raised  by  Dr.  Zallen  has  never  been  a concern  in  previous  protocols. 

Dr.  Lane  also  addressed  the  issue  of  liability.  The  NIH  has  standard  language  for 
informed  consent  documents.  If  the  RAC  is  concerned  about  particular  wording  in  these 
documents,  perhaps  the  RAC  should  present  this  issue  before  the  General  Counsel  and 
the  NIH  Director.  Mr.  Capron  suggested  that  the  RAC  should  advise  the  NIH  Director 
that  the  language  that  addresses  physical  injury  is  misleading,  and  that  there  is  no 
liability  for  such  injury.  The  language  should  state  that  there  will  be  no  liability  from 
injury  that  is  not  caused  by  negligence.  Mr.  Capron  added  that  such  a statement  will  not 
encourage  litigation,  only  clarify  the  patient's  rights. 

Mr.  Capron  inquired  as  to  the  process  by  which  patients  will  become  informed  about  the 
availability  of  this  protocol.  Will  information  be  disseminated  in  the  medical 
community?  Will  there  be  a press  release  by  the  lay  media?  Are  there  special 
publications  distributed  only  to  patients  who  are  HIV  infected?  He  inquired  about  the 
process  of  determining  the  HIV  status  of  the  donor  twin.  If  the  proposed  donor  is  tested 
and  found  to  be  HIV(  + ),  how  will  this  issue  be  dealt  with?  Dr.  Walker  replied  that  the 
NIH  donor  consent  form  addresses  HIV  testing  policies.  The  prospective  donor  is 
informed  that  there  is  a remote  chance  that  they  will  have  an  HIV(  + ) test,  and  this 
section  is  followed  by  an  explanation  of  the  implications  of  a positive  test.  Dr.  Walker 
explained  that  the  donor  and  recipient  are  counselled  extensively  prior  to  signing  the 
informed  consent  document.  In  fact,  both  parties  will  have  read  and  discussed  the 
protocol  with  their  primary  physician  prior  to  coming  to  NIH  for  screening. 

Dr.  Walker  stated  that  there  has  been  an  HIV  infected  identical  twin  registry  in 
existence  since  the  early  1980s,  and  this  database  serves  as  the  primary  source  from 
which  patients  are  recruited.  In  addition,  there  is  an  extensive  mailing  list  of 
practitioners  in  the  U.S.  that  receive  HIV  announcements  of  protocols.  Occasionally, 
researchers  advertise  in  local  and  national  publications.  Dr.  Dronamraju  inquired  as  to 
the  number  of  identical  twin  pairs  that  are  currently  on  the  registry.  Dr.  Walker  stated 
that  there  are  currently  24  pairs  of  twins  on  the  registry.  Dr.  Dronamraju  asked  about  a 
similar  registry  for  nonidentical  twins.  Dr.  Walker  answered  that  this  population  has 
never  been  a research  interest.  Dr.  Dronamraju  asked  the  investigators  to  expand  on 
their  statement  that  approximately  one-half  to  two-thirds  of  these  patients  have 
expressed  interest  in  participating  in  this  protocol.  Dr.  Walker  said  that  this  statement  is 
based  on  telephone  conversations  with  these  patients  lasting  an  average  of  30  minutes. 
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Dr.  Dronamraju  asked  the  investigators  for  an  estimation  of  the  number  of  patients 
available  for  the  various  stages  of  diseases.  Dr.  Lane  explained  that  with  regard  to 
staging  of  infection,  staging  procedures  were  developed  before  extensive  knowledge  of 
HIV,  the  role  of  CD4(  + ) cells,  and  techniques  for  tagging  the  disease  by  examining 
CD4( + ) counts  were  understood.  Rather  than  approaching  HIV  research  by  examining 
discreet  stages,  it  is  more  efficacious  to  gather  data  for  future  interpretation  regarding 
disease  stage. 

Dr.  Parkman  asked  if  there  is  a minimum  level  of  transduction  that  will  be  informative. 
If  a large  number  of  patients  exhibit  transduction  levels  that  are  less  than  informative, 
will  they  be  excluded  from  participating  in  the  protocol?  Dr.  Blaese  explained  that 
although  transduction  levels  have  proven  to  be  variable,  they  have  always  been  able  to 
transduce  at  a minimum  level  of  0.5%.  Therefore,  all  patients  would  be  eligible  since 
there  has  never  been  a clinical  population  that  was  not  transducible  at  this  level.  The 
level  of  marking  will  be  carefully  evaluated.  Patients  entering  this  protocol  will  receive 
approximately  20-fold  more  lymphocytes  than  patients  receive  in  the  adenosine 
deaminase  (ADA)  protocol.  Transduced  cells  have  been  detected  in  the  ADA  gene 
therapy  patients  as  soon  as  one  day  following  infusion.  There  should  be  detectible  levels 
of  transduced  cells  based  on  the  ADA  protocol  data.  Dr.  Parkman  explained  that  there 
is  a basic  biological  difference  between  the  ADA  and  HIV  protocols.  Presumably  in  the 
ADA  protocol,  introduction  of  the  neomycin  resistance  (neoR)  gene  confers  a selective 
advantage.  Dr.  Parkman  stated  that  in  HIV(  + ) patients,  the  majority  of  cells  are  not 
infected  with  HIV.  Therefore,  these  cells  are  not  any  different  from  the  normal 
noninfected  cells  within  patients.  Is  there  a minimum  level  that  would  be  valid?  Dr. 
Blaese  responded  that  although  there  probably  is  a minimum  value,  there  is  no  capacity 
to  assay  transduction  levels  in  a timely  fashion  prior  to  infusion. 

Ms.  Buc  reiterated  the  concerns  raised  by  Dr.  Zallen  regarding  the  donor  informed 
consent  document  and  assessing  the  HIV  status  of  the  donor  twin.  Although  the 
investigators  have  communicated  the  process  by  which  the  donor  and  recipient  are 
solicited  and  counselled  prior  to  obtaining  their  informed  consent,  the  entire  process 
should  be  included  as  part  of  the  informed  consent  document.  The  current  informed 
consent  document  does  not  accurately  reflect  the  process  as  it  currently  exists.  In 
addition,  the  section  in  the  informed  consent  document  that  describes  the 
lymphopheresis  procedure  should  be  inserted  prior  to  the  explanation  of  travel.  The 
lymphopheresis  is  a major  procedure,  and  its  importance  and  description  should  not  be 
understated.  With  regard  to  HIV  testing  of  the  donor,  Dr.  Lane  explained  that  both  the 
donor  and  recipient  twin  will  have  consulted  a referring  physician  and  the  donor  will 
have  had  a recent  HIV  test  prior  to  coming  to  the  NIH.  In  addition,  NIH  will  retest  for 
HIV  infection  of  the  donor  if  the  RAC  recommends  repeat  testing. 

Dr.  Parkman  referred  to  a sentence  in  the  informed  consent  document  stating  that  the 
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potential  benefit  of  the  patient  would  be  improved  treatment  of  HIV  infection  using  a 
new  therapeutic  approach.  This  statement  is  overly  optimistic  since  it  is  not  known  if  the 
procedure  will  provide  any  potential  benefit  to  the  patient.  Dr.  Walker  disagreed  with 
this  conclusion  noting  that  the  ADA  data  suggests  that  lymphocyte  transfer  offers  a 
potential  benefit  to  patients.  Potential  is  the  key  word.  Dr.  D.  Miller  suggested  that  the 
therapeutic  benefit  comments  should  focus  on  the  gene  transfer  aspects  of  the  protocol. 

With  regard  to  the  vector  safety  testing  requirements,  Dr.  D.  Miller  suggested  that  the 
RAC  should  focus  on  the  issue  of  long-term  cultivation  of  packaging  cell  lines.  Is  long- 
term cultivation  for  two  to  three  weeks  following  harvest  of  vector  supernatant  the  most 
sensitive  test  that  can  be  performed  to  detect  the  presence  of  helper  virus?  This  post- 
harvest culture  criteria  would  be  an  acceptable  standard  for  the  RAC  to  adopt. 

Although  the  RAC  could  require  investigators  to  co-cultivate  supernatants  with  a cell 
line  that  would  rescue  helper  virus,  Dr.  D.  Miller  suggested  that  such  a requirement  is 
probably  not  necessary  for  the  RAC  to  request.  Dr.  Blaese  noted  that  the  FDA  had  a 
meeting  today  regarding  revised  standards  for  helper  virus  testing  and  suggested  that  Dr. 
Tolstoshev  of  GTI  could  comment  on  the  current  standards  that  are  being  employed  by 
their  company.  Dr.  Blaese  stated  that  there  is  no  indication  from  any  experiments  that 
have  been  performed  to  date  that  the  current  techniques  or  technologies  for  detecting 
helper  virus  contamination  are  not  sufficient. 

Dr.  Tolstoshev  commented  on  the  issue  of  helper  virus  testing.  GTI,  which  supplies 
many  investigators  with  retroviral  vector  supernatants,  has  adopted  the  standard  of 
culturing  all  packaging  cell  lines  for  three  weeks  following  harvest  of  the  vector 
supernatant  and  to  monitor  for  helper  virus  during  this  period.  If  the  RAC  and  FDA 
agree  that  these  assay  standards  are  adequate,  then  GTI  has  an  abundance  of  vector 
material  to  provide  for  current  trials.  GTI  has  incorporated  additional  safety 
modifications  to  increase  the  specificity  of  helper  virus  assays.  Regarding  co-cultivation 
assays,  these  assays  have  not  yet  been  validated.  Dr.  Parkman  asked  if  aliquots  were 
frozen  from  past  production  runs?  Dr.  Tolstoshev  responded  that  cells  were  not 
generally  frozen  from  past  runs.  Dr.  Post  asked  if  the  FDA  has  an  official  position  on 
standards  for  helper  virus  testing?  Dr.  Henry  Miller  of  the  FDA  stated  that  the  Center 
for  Biologies  is  discussing  the  relevant  issues  today,  and  that  he  would  rather  not 
comment  on  the  issue  at  this  point  in  time.  Dr.  Post  asked  Dr.  H.  Miller  if  he  could 
present  an  update  of  the  FDA  meeting  during  the  afternoon  RAC  session.  Dr.  H.  Miller 
answered  that  he  would  try  to  obtain  the  relevant  information  and  report  back  to  the 
RAC. 

Dr.  Chase  said  that  the  investigators  have  stated  that  there  are  24  discordant  identical 
twin  pairs  and  that  they  represent  a relatively  complete  catchment  of  the  U.S. 
population.  Is  this  assertion  supported  by  formal  computations?  Dr.  Lane  explained 
that  registry  may  not  be  the  most  appropriate  term  to  use.  Actually,  there  are  probably 
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several  thousand  HIV  patients  who  have  an  identical  twin.  The  registry  referred  to  those 
patients  with  a twin  who  have  contacted  the  investigators  regarding  their  interest  to 
participate  in  select  experimental  protocols.  Twenty-four  actually  represents  a fraction  of 
the  total  eligible  population. 

Dr.  Secundy  asked  for  clarification  regarding  the  extent  to  which  sections  of  the 
informed  consent  document  are  deliberated  that  are  not  directly  related  to  gene  marking. 
Dr.  D.  Miller  stated  that  the  RAC  should  only  discuss  issues  that  pertain  to  the  use  of 
recombinant  DNA  in  a patient.  In  the  case  of  the  current  protocol,  the  RAC  should 
probably  not  consider  the  donor  twin  consent  issues  since  the  donor  will  not  be 
undergoing  any  recombinant  DNA  procedure.  Mr.  Capron  said  that  since  the  RAC  is 
advisory  to  the  NIH  Director,  it  is  obligated  to  discuss  any  problems  that  manifest  during 
the  review  process,  whether  they  are  recombinant  DNA  issues  or  not.  Dr.  Wivel  noted 
that  the  final  control  over  informed  consent  documents  resides  with  the  local 
Institutional  Review  Board  (IRB)  irrespective  of  RAC  recommendations.  However,  the 
RAC  should  not  be  discouraged  from  discussions  it  views  as  relevant. 

Dr.  Walters  suggested  that  since  this  protocol  actually  consists  of  two  separate  protocols, 
the  adoptive  transfer  of  syngeneic  lymphocytes  that  has  the  potential  for  therapeutic 
effect  and  gene  marking  of  CD4(  + ) and  CD8(  + ) fractionated  T cells,  perhaps  the 
informed  consent  document  should  be  divided  into  two  distinct  sections.  The  gene 
marking  of  fractionated  cells  is  not  a Phase  I or  Phase  II  study,  only  a method  for 
monitoring  their  survival  after  they  have  been  transferred  for  therapeutic  purposes.  The 
informed  consent  might  be  clarified  for  the  recipient  if  it  was  presented  as  a gene 
marking  form  and  a therapeutic  form.  Dr.  Leventhal  agreed  with  Dr.  Walters 
suggestion. 

Committee  Motion 

A motion  was  made  by  Dr.  Post  and  seconded  by  Dr.  Parkman  to  approve  the  protocol 
with  the  following  stipulations:  (1)  the  investigators  may  use  the  vector  supernatants 
currently  in  storage;  however,  any  future  vector  preparations  will  be  tested  by  long-term 
culturing  of  the  packaging  line  following  vector  supernatant  harvest,  (2)  that  the 
informed  consent  document  should  be  divided  into  two  separate  documents,  one  for  gene 
marking  and  the  other  the  therapeutic  aspects,  and  (3)  the  section  of  the  donor  informed 
consent  document  describing  the  lymphopheresis  procedure  should  be  moved  before  the 
section  describing  the  required  travel  schedule. 

Mr.  Capron  suggested  an  additional  stipulation  to  include  a sentence  in  the  recipient 
informed  consent  document  stating  that  there  will  be  no  waiver  of  liability  for  negligent 
injury.  Obviously,  the  consent  form  will  have  to  be  approved  by  the  IRB.  Dr.  Lane 
stated  that  inclusion  of  such  a statement  would  create  potential  problems  with  the  NIH 
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General  Counsel  and  the  IRB.  Drs.  Post  and  Parkman  said  that  they  would  not  accept 
the  stipulation  presented  by  Mr.  Capron  as  a pan  of  their  motion  for  approval. 

However,  Dr.  Post  recommended  that  the  statement  could  be  offered  in  the  form  of 
advice.  Ms.  Buc  suggested  that  the  RAC  review  the  Code  of  Federal  Regulation 
(45CFR46)  that  addresses  IRB  regulations  as  a future  agenda  item.  If  the  RAC 
proposes  changes  to  the  current  regulations,  these  changes  could  be  presented  in  terms 
of  advice  to  the  NIH  Director.  Dr.  Murray  reminded  the  RAC  that  Dr.  McCarthy, 
formerly  from  the  Office  for  Protection  from  Research  Risks,  is  on  today's  agenda  to 
present  information  regarding  this  subject. 

Dr.  Murray  called  for  a vote.  The  motion  to  approve  the  protocol  with  stipulations 
passed  by  a vote  of  19  in  favor,  0 opposed,  and  no  abstentions. 

Drs.  Parkman  and  Post  recommended  that  the  issue  of  providing  separate  informed 
consent  documents  for  the  gene  marking  and  clinical  procedures  should  be  placed  on  the 
agenda  for  the  next  RAC  meeting  as  amendment  to  the  Points  to  Consider  in  the  Design 
and  Submission  of  Protocols  for  the  Transfer  of  Recombinant  DNA  into  the  Genome  of 
Human  Subjects  ( Points  to  Consider)  of  the  NIH  Guidelines. 

IV.  PROPOSED  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING 
A SEMLIKI  FOREST  VIRUS  HELPER  EXPRESSION  SYSTEM/DR.  TEMPLE 

Re>iew~Dr.  Schaechter 

Dr.  Murray  called  on  Dr.  Schaechter  to  present  his  primary  review  of  the  proposal 
submitted  by  Dr.  Gary  Temple  of  Life  Technologies,  Inc.,  Gaithersburg,  Maryland.  Dr. 
Schaechter  reviewed  the  proposal  to  conduct  experiments  with  a Semliki  Forest  Virus 
(SFV)-SQL  helper  expression  system  at  Biosafety  Level  (BL)  2.  Dr.  Schaechter 
explained  that  the  gene  expression  vector  system  was  initially  developed  in  Sweden.  It 
would  be  sold  and  commercially  distributed  as  a kit.  SFV  is  endemically  found  in  Africa 
and  is  capable  of  causing  disease.  Past  experience  with  laboratories  working  with  this 
virus  has  resulted  in  one  death;  thus,  the  level  of  containment  was  originally  elevated 
from  BL2  to  BL3.  This  agent  is  not  harmless,  symptoms  include  headaches  and  fever. 

The  expression  vector  kit  being  proposed  consists  of  a virus  in  which  foreign  DNA  can 
be  cloned.  The  virus  portion  of  the  expression  vector  contains  several  point  mutations 
that  render  it  incapable  of  replication  alone.  In  order  for  the  virus  to  replicate,  it  must 
come  in  contact  with  a replication  competent  helper  virus.  Data  demonstrates  that  the 
incidence  of  viral  replication  occurs  at  a relatively  low  frequency.  Dr.  Schaechter  noted 
that  written  reviews  were  provided  by  two  experts  in  this  area.  Dr.  Robert  Johnston  from 
the  University  of  North  Carolina  and  Dr.  Sondra  Schlessinger  from  Washington 
University,  St.  Louis,  Missouri.  Both  of  these  ad  hoc  reviewers  stated  that  the  data 
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submitted  by  the  investigators  are  insufficient  to  conclude  that  this  expression  system  can 
safely  be  used  by  laboratory  workers. 

The  actual  protocol  for  obtaining  gene  expression  with  the  proposed  system  is  complex, 
involving  16  separate  procedures.  Some  of  these  steps  are  extremely  intricate,  including 
electroporation,  creating  cDNA,  mRNA,  etc.  There  is  a high  likelihood  that  some 
investigators  may  not  be  able  to  get  the  system  to  work.  In  that  case,  investigators  may 
tamper  with  the  system  beyond  the  procedures  that  have  been  outlined.  In  some 
instances,  laboratory  workers  who  are  not  knowledgeable  enough  to  understand  all  of  the 
complexities  and  requirements  of  particular  biosafety  levels  may  use  the  kit. 

Although  this  expression  system  may  not  be  extremely  hazardous  to  the  investigators  who 
purchase  it,  there  remains  the  likelihood  of  pathogenicity  if  not  handled  under  the 
proper  containment  conditions. 

Review-Dr.  Hirano 

Dr.  Hirano  stated  that  she  was  in  agreement  with  the  comments  made  by  Dr.  Schaechter, 
in  particular,  the  possible  generation  of  infectious  viral  particles.  The  investigators  have 
not  supplied  sufficient  data  to  support  the  safety  of  this  expression  vector  system  despite 
the  inclusion  of  three  safety  features  that  have  been  engineered  into  the  system. 

Other  Comments 

Dr.  Post  stated  that  he  would  like  more  background  information  regarding  the 
classification  of  SFV  as  a BL3  agent.  Ms.  Buc  requested  that  the  investigators  provide 
information  about  the  disclosure  of  information  to  the  purchaser.  What  kinds  of 
warnings  will  be  issued?  What  information  will  be  included  with  the  kit?  Is  there  a 
manual? 

Dr.  D.  Miller  asked  if  people  who  travel  to  Africa  are  capable  of  becoming  infected  by 
this  agent  and  transport  it  back  to  the  U.S?  Dr.  Schaechter  explained  that  this  is  not  an 
issue  of  concern. 

Presentation-Dr.  Temple 

Dr.  Temple  presented  a summary  of  new  data  that  the  RAC  members  did  not  review 
prior  to  the  meeting.  He  explained  that  this  new  data  may  address  the  issue  of 
generation  of  replication  competent  vims  using  this  system.  These  experiments  were 
designed  to  determine  the  combination  frequency  of  the  helper  vims  with  the  vector. 
"Leakiness"  of  viral  particles  occurs  at  a rate  of  1 in  106  cells.  The  term  "leakiness" 
refers  to  uptake  by  any  means,  including:  (1)  passive  endosomal  uptake,  (2)  exogenous 
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or  endogenous  protease  activity  that  activates  the  virus,  or  (3)  a genetic  revertant.  In  the 
case  of  the  SQL  mutation,  the  estimated  frequency  of  reversion  is  approximately  10'12.  It 
should  be  noted  that  a second  site  revertant  would  probably  occur  at  a higher  frequency. 

Dr.  Temple  presented  plaque  assay  data  demonstrating  that  when  equal  numbers  of 
infectious  units  of  the  Helper  1 package  virion  and  cells  (106)  were  combined, 
approximately  700  to  10,000  plaque  forming  units  were  observed.  This  corresponds  to 
the  number  of  units  that  would  result  from  one  or  two  recombinant  viruses.  Therefore, 

1 in  106  recombinant  particles  are  detectable  using  this  assay.  Additional  plaque  assays 
demonstrated  no  infectious  particles  using  the  SQL  helper  virus.  In  fact,  recombination 
plus  suppression  of  the  SQL  effect  was  required  for  the  generation  of  replication 
competent  virus.  He  showed  in  vivo  experiments  in  which  24  newborn  and  40-day-old 
mice  received  intracerebral  or  intranasal  injections  of  greater  than  108  infectious  units  of 
the  packaged  SQL  helper  virus.  No  evidence  of  replication  competent  virus  was 
demonstrated. 

Dr.  Temple  stated  that  earlier  data  indicated  that  the  recombination  frequency  of  this 
virus  is  approximately  KT6,  and  the  frequency  of  "leakiness"  is  approximately  1CT6. 
However,  both  events  would  have  to  occur  in  order  for  replication  competent  virus  to 
emerge.  Therefore,  even  if  the  kit  is  used  under  circumstances  other  than  those 
specifically  outlined,  there  is  a wide  margin  of  safety.  Because  this  is  an  efficient  system, 
it  is  in  high  demand  by  many  researchers.  It  is  very  important  that  its  use  be  approved 
at  the  BL2  level  of  physical  containment.  Researchers  using  this  system  at  the  BL2  level 
will  be  required  to  sign  an  acknowledgement  that  they  have  been  adequately  informed  of 
the  procedures  necessary  to  minimize  replication  competent  virus  emerging  and  that  they 
are  knowledgeable  of  BL2  requirements.  An  independent  confirmation  will  also  be 
required  regarding  the  principal  investigator's  (Pi's)  expertise  and  qualifications  by  the 
Institutional  Biosafety  Committee.  In  addition,  the  PI  will  be  requested  to  sign  an 
agreement  that  he/she  will  not  distribute  the  kit  to  other  investigators  without  prior 
approval.  Although  there  is  no  guarantee  that  the  investigator  will  adhere  to  these 
principles,  this  process  provides  a degree  of  safety. 

Discussion 

Dr.  Schaechter  explained  that  because  this  kit  will  not  fall  under  FDA  regulations,  the 
RAC  is  in  the  rare  situation  of  deciding  the  disposition  of  this  material  on  an  advisory 
basis,  not  a statutory  basis.  Dr.  Murray  asked  the  investigators  to  respond  to  Dr. 
Schaechter's  concern  regarding  other  regulatory  bodies  that  would  provide  approval  of 
this  kit.  Dr.  Temple  stated  that  there  is  no  other  regulatory  body  whose  approval  is 
required. 

Dr.  Doi  noted  that  the  investigators  stated  that  this  kit  was  already  in  use  by  some 
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researchers.  Approximately  how  many  laboratories  have  used  this  expression  system? 
What  level  of  physical  containment  has  been  employed?  Dr.  Temple  introduced  his  co- 
investigator,  Dr.  Liljestrom,  to  respond  to  Dr.  Doi's  question.  Dr.  Liljestrom  said  that 
the  system  has  only  been  used  in  about  ten  laboratories  because  of  safety  concerns.  All 
of  these  laboratories  have  a great  deal  of  expertise  working  with  SFV. 

Dr.  Krogstad  spoke  in  regard  to  the  earlier  question  about  transmission.  Just  because  no 
data  exists  regarding  the  issue  of  mosquito  transmission,  one  should  not  rule  out 
transmission  by  mosquito  vectors.  It  is  appropriate  for  the  RAC  to  make  their  decisions 
based  on  the  nature  of  the  virus  and  on  the  appropriate  containment  for  protecting  it 
from  exposure  to  the  outside.  There  is  inadequate  evidence  regarding  the  vector 
population  in  the  U.S.  and  its  competence. 

As  a point  of  clarification,  Dr.  D.  Miller  asked  Dr.  Liljestrom  if  the  term  "leakiness" 
referred  to  the  ability  to  infect  cells,  but  not  necessarily  to  replicate.  Dr.  Liljestrom 
agreed  to  the  interpretation  of  the  term  "leakiness".  Dr.  D.  Miller  noted  that  the  data 
presented  earlier  suggested  that  the  SQL  mutant  could  convert  to  a pathogenic  virus  at  a 
relatively  high  frequency,  i.e.,  1 in  107  particles.  It  is  conceivable  that  an  investigator 
may  be  working  with  as  much  as  109  particles  using  this  kit.  Therefore,  there  is  a high 
probability  that  replication  competent  helper  virus  will  be  generated  using  this  system. 

Dr.  Liljestrom  disagreed  with  Dr.  D.  Miller's  statement,  noting  that  the  recombination 
frequency  would  have  to  be  combined  with  the  reversion  frequency  to  estimate  the 
frequency  of  replication  competent  particles.  Dr.  Schaechter  stated  that  the  data  is  not 
convincing.  It  represents  the  actual  conditions  of  the  experiment  to  be  performed; 
therefore,  the  data  does  not  accurately  reflect  the  likelihood  of  detecting  recombinant 
particles.  One  experiment  does  not  reflect  the  degree  of  variability  that  would  be 
observed  from  multiple  tests.  The  data  reflects  imprecise  measurements.  Dr.  Temple 
agreed  that  they  have  not  performed  strict  reconstruction  experiments.  Instead,  they  are 
only  able  to  conclude  that  they  can  detect  a single  or  several  recombinational  events 
when  equal  number  of  cells  to  viral  particles  are  used. 

Dr.  D.  Miller  said  if  helper  virus  is  detected  occasionally,  what  is  the  persistence  of  this 
virus  on  cell  surfaces?  How  stable  are  these  viruses  in  the  laboratory  environment?  Dr. 
Temple  responded  that  there  is  no  data  regarding  the  persistence  of  the  viruses  on  open 
surfaces.  Dr.  D.  Miller  asked  if  inactivation  experiments  were  performed.  Dr. 

Liljestrom  stated  that  SFV  is  a membrane  virus;  therefore,  it  is  probably  very  labile. 

Virus  particles  would  probably  be  dead  in  one  to  two  days  since  detergents  or  1% 
hypochlorite  inactivate  animal  membrane  viruses  in  seconds;  contamination  of  membrane 
viruses  could  be  cleaned  up  readily. 

Dr.  Temple  responded  to  the  question  regarding  the  physical  containment  classification 
of  BL3.  The  classification  was  based  on  the  one  reported  death  attributed  to  contact 
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with  this  virus.  This  virus  is  endemic  to  Central  Africa  and  some  areas  of  Switzerland. 
Generally,  the  symptoms  are  mild  and  nondifferentiable  from  the  acute  phase  of  other 
febrile  illnesses  such  as  acute  influenza  and  early  stage  malaria.  Although  SFV  is 
thought  to  be  relatively  safe,  BL3  containment  was  designated  because  there  could  be 
some  low  incidence  of  fatal  infection. 

Dr.  Post  said  that  it  is  unclear  as  to  why  there  is  a different  containment  classification  for 
SFV  than  Sindbis  virus.  There  are  a number  of  investigators  who  are  currently  using 
Sindbis  vector  systems  as  BL2  containment  levels.  Why  have  the  investigators  chosen  to 
develop  an  SFV  expression  system  instead  of  the  Sindbis  vector  system?  Dr.  Liljestrom 
explained  that  his  laboratory  has  extensive  experience  with  SFV,  and  that  in  his  opinion, 
Sindbis  vectors  do  not  function  properly.  Sindbis  titers  can  not  be  obtained  as  high  as 
those  with  SFV,  probably  because  Sindbis  does  not  replicate  as  efficiently.  Dr.  Temple 
noted  that  both  of  these  are  pathogens,  but  the  only  difference  is  that  Sindbis  has  never 
had  any  fatalities  associated  with  it. 

Dr.  Post  added  that  pathogenicity  is  an  important  issue  and  reminded  the  RAC  that 
there  are  a number  of  organisms  classified  for  use  at  the  BL2  level  of  containment  that 
have  proven  to  be  fatal,  e.g.,  Vaccinia.  Dr.  Post  said  it  is  unclear  how  the  classification 
of  pathogenic  organisms  in  Appendix  B of  the  NIH  Guidelines  was  assigned.  Apparently, 
the  difference  between  a BL2  and  BL3  classification  is  subjective.  Dr.  Wivel  noted  that 
Appendix  B is  largely  based  on  Centers  for  Disease  Control  (CDC)  data  which  considers 
a number  of  factors.  The  basis  for  most  of  the  pathogenic  classifications  is  based  on 
data  published  in.  Biosafety  in  Microbiological  & Biomedical  Laboratories  published  by  the 
NIH  and  CDC.  This  document  categorizes  microorganisms  based  on  the  severity  of 
illness,  risk  of  infection,  and  lability  of  the  infectious  agent  and  focuses  on  human  and 
animal  pathogens.  Dr.  Temple  noted  that  the  NIH/CDC  manual  states  that  SFV  can  be 
safely  handled  for  most  laboratory  uses  as  BL2;  however,  this  classification  was  made 
prior  to  the  fatality  associated  with  its  use.  The  latest  edition  of  this  manual  was 
published  in  1988.  Mr.  Barton  inquired  as  to  whether  a distinction  could  be  made 
regarding  BL2  and  BL3  classification  if  an  organism  is  indigenous  to  the  U.S.  or  not. 

Dr.  Wivel  answered  that  while  this  may  be  a consideration,  classification  is  based  in  part 
on  the  availability  of  a vaccine  against  a particular  microorganism. 

Dr.  Haselkorn  asked  the  investigators  to  review  the  practical  differences  between  BL2 
and  BL3  physical  containment.  Dr.  Wivel  explained  that  for  BL3  containment,  there  is  a 
requirement  for  negative  air  flow  and  that  an  autoclave  be  in  the  laboratory,  not  down 
the  hall.  Dr.  Murray  directed  the  members  of  the  RAC  that  the  definitions  could  be 
found  on  page  16974  of  the  (57  FR  19512).  Dr.  Geiduschek  asked  the  investigators  if 
the  issue  of  commercialization  is  linked  to  a BL2  classification  versus  BL3.  Dr.  Temple 
said  that  Life  Technologies,  Inc.,  has  no  intention  of  distributing  the  kit  unless  it  has  a 
BL2  designation. 
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Ms.  Buc  commented  that  this  is  the  first  time  that  the  RAC  has  been  requested  to 
reduce  the  physical  containment  level  for  a pathogenic  expression  vector  system.  Since 
RAC  will  likely  receive  more  requests,  the  RAC  should  establish  a Points  to  Consider 
document  that  outlines  critical  questions  for  investigators  to  respond  to  prior  to  seeking 
RAC  approval  for  expression  systems.  A document  of  this  nature  would  allow  for  a 
more  disciplined  and  methodical  review  of  these  proposals. 

Dr.  Parkman  stated  that  this  viral  vector  expression  system  should  be  reviewed  based  on 
whether  the  viral  modification  can  be  safely  handled  at  BL2.  However,  there  is  the 
more  general  question  of  whether  the  parent  virus,  Semliki,  is  more  suitably  classified  as 
a BL2  agent  instead  of  BL3.  Probably,  it  would  have  been  more  appropriate  for  the 
investigators  to  request  a reclassification  of  the  parent  organism  as  opposed  to  the 
modified  virus. 

Dr.  Leventhal  inquired  about  the  data  submitted  from  the  laboratory  that  reported  the 
one  fatal  case  associated  with  SFV.  The  investigators  state  that  antibodies  to  the  virus 
were  detected  in  four  laboratory  workers.  How  many  were  screened?  What  percentage 
does  this  represent?  Dr.  Temple  responded  that  there  is  no  extensive  data  regarding  the 
incidence  or  frequency  of  symptomatic  infections  associated  with  the  virus. 

Dr.  Hirano  asked  if  any  of  the  laboratories  that  have  already  worked  with  this  expression 
system  have  worked  at  BL3  containment.  Dr.  Temple  explained  that  all  of  the 
laboratories,  both  in  the  U.S.  and  abroad,  have  used  the  system  at  BL2.  Dr.  Hirano 
noted  that  all  of  the  data  was  generated  using  the  baby  hamster  kidney  system.  Have 
experiments  been  performed  on  other  cell  lines  to  test  if  there  is  a higher  probability  of 
generating  infectious  particles?  Dr.  Liljestrom  responded  that  the  system  has  not  been 
tested  on  any  other  cell  lines. 

Committee  Motion 

A motion  was  made  by  Dr.  Schaechter  and  seconded  by  Dr.  Hirano  to  defer  approval  of 
Dr.  Temple's  request  to  lower  the  physical  containment  level  from  BL3  to  BL2  for  the 
SFV  vector  expression  system.  Dr.  Murray  called  for  a vote.  The  motion  to  defer 
approval  passed  by  a vote  of  17  in  favor,  1 opposed,  and  2 abstentions. 

Dr.  D.  Miller  suggested  that  the  investigators  should  perform  experiments  to  determine 
the  frequency  of  infectious  recombinants  under  the  conditions  of  the  expression  system, 
i.e.,  109  particles.  Dr.  Krogstad  added  that  it  would  be  useful  to  consult  with 
investigators  working  with  similar  viruses  at  BL2  and  establish  the  incidence  of 
seropositivity  among  laboratory  workers. 

V.  PRESENTATION:  FINANCIAL  OBLIGATION  OF  RESEARCH  INSTITUTIONS  TO 
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PATIENTS/DR.  MCCARTHY 

Dr.  Wivel  said  that  recently  the  RAC  has  had  numerous  discussions  regarding  the  limits 
of  liability  on  the  part  of  sponsoring  institutions  that  support  human  gene  therapy 
protocols.  Many  of  the  issues  that  have  been  raised  are  generic  to  all  clinical  research, 
focusing  of  the  phraseology  of  informed  consent  documents.  In  light  of  these  discussions, 
Dr.  Charles  McCarthy,  former  Director  of  the  Office  of  Protection  from  Research  Risk, 
NIH,  was  asked  to  provide  background  information  regarding  the  Code  of  Federal 
Regulations  and  the  process  of  liability  with  regard  to  clinical  research. 

Presentation-Dr.  McCarthy 

Dr.  McCarthy  explained  that  much  of  the  RAC's  concern  with  regard  to  gene  therapy  is 
about  injury  that  may  occur  to  research  subjects,  not  as  a result  of  negligence,  but  as  the 
result  of  unforeseen  consequences  of  the  research.  In  the  history  of  clinical  research  to 
date,  there  have  been  virtually  no  cases  of  this  kind  although  there  have  been  several 
lawsuits  relating  to  negligence. 

Dr.  McCarthy  said  that  due  to  concerns  about  this  issue,  the  Secretary's  Task  Force  on 
Compensation  of  Injured  Research  Subjects  was  established  as  an  advisory  body  to  the 
Secretary  of  the  Department  of  Health  and  Human  Services  (DHHS)  for  several  years. 
The  conclusion  of  the  Task  Force  was  that  there  is  an  obligation  to  provide 
compensation  for  subjects  injured  in  the  course  of  research  where  the  injury  itself  is  not 
related  to  the  disease  or  condition  from  which  the  subject  is  suffering.  Under  Secretary 
Califano,  legislation  was  proposed  whereby  injured  subjects  would  be  compensated  under 
the  Worker's  Compensation  Act.  Individuals  injured  as  a result  of  Federally  funded 
research  would  be  considered  Federal  employees  for  the  purposes  of  compensation. 
However,  the  same  week  that  the  legislation  was  to  be  signed,  Secretary  Califano  was 
fired.  The  proposed  legislation  was  never  signed.  This  issue  was  then  taken  up  by  the 
Ethics  Advisory  Board  which  also  disbanded  before  a recommendation  was  developed. 
Next,  the  issue  was  passed  to  the  President's  Commission  for  the  Study  of  Ethical 
Problems  in  Medicine  and  Biomedical  and  Behavioral  Research.  The  Commission  was 
also  of  the  opinion  that  there  is  an  ethical  obligation  to  compensate  injured  research 
subjects.  Nevertheless,  the  obligation  was  viewed  as  a consideration,  not  an  absolute 
obligation.  The  Commission  recommended  that  NIH  should  conduct  a study  to 
determine  the  cost  of  such  a program.  The  NIH  committee  found  that  because  the 
incidence  of  research  related  injury  not  attributable  to  negligence  was  so  low,  it  was  not 
possible  to  obtain  data  regarding  the  proposed  cost  of  a nationwide  program  in  a 
reasonable  period  of  time.  Therefore,  the  statistics  on  this  issue  are  largely  lacking.  The 
prevailing  opinion  of  experts  today  is  that  injuries  can  and  do  occur  on  rare  occasions 
where  the  injury  is  not  the  result  of  direct  negligence,  but  rather  of  unforeseen 
consequences  of  the  research.  Since  it  is  not  likely  that  DHHS  will  develop  a program 
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for  such  injuries  in  the  near  future,  the  Office  of  Protection  from  Research  F and  the 
President's  Commission  endorsed  the  recommendation  of  the  Ethics  Advisor}'  Board. 
Namely,  research  subjects  should  be  informed  as  to  whether  or  not  a research  institution 
is  prepared  to  provide  compensation  in  the  event  of  unforeseen  injury.  Consequently, 
informed  consent  documents  are  required  to  state  if  compensation  for  injury  t a may  be 
research  related  will  be  provided.  Although  several  institutions  in  the  U.S.  c / 
insurance  to  cover  such  compensation,  the  majority  do  not  regard  themselves  obliged 
to  provide  compensation  in  the  event  of  research  related  injury. 

The  Code  of  Federal  Regulations  does  not  permit  exculpatory  language.  That  is,  a subject 
cannot  waive  his/her  rights  to  bring  lawsuits  or  seek  compensation  in  the  event  of  injury 
or  harm.  Therefore,  subjects  always  have  the  option  of  bringing  lawsuits  against  the 
sponsoring  institution.  Anecdotally,  minor  injuries  related  to  research  are  always  treated 
free  of  charge  by  the  sponsoring  institution.  Long-range  chronic  injuries  are  not  likely  to 
be  compensated. 

Discussion 

Dr.  Parkman  noted  that  a further  complication  to  this  issue  is  randomized  clinical  trials 
in  which  the  patient  may  agree  to  participate  in  a protocol  but  not  have  a choice 
regarding  the  type  of  therapy  that  will  be  received.  Would  the  institution  be  required  to 
cover  injury  related  to  the  standard  treatment  because  it  was  included  as  a part  of  the 
experimental  randomization? 

Dr.  Krogstad  asked  if  there  have  been  any  instances  in  which  non-negligent  injury  that 
has  caused  serious  injury  or  death  has  been  disputed  and  gone  on  to  litigation  in  which 
the  courts  have  had  to  make  a judgement.  Dr.  McCarthy  stated  that  he  was  not  aware 
of  any  such  cases  where  negligence  was  not  an  issue.  Mr.  Capron  added  that  there  have 
been  a number  of  lawsuits  resulting  from  the  absence  of  informed  consent.  For  example, 
at  the  University  of  Chicago,  women  were  given  diethylsibesterol  (DES)  experimentally 
for  the  prevention  of  miscarriage  without  their  knowledge.  While  the  women  receiving 
DES  had  no  complications  from  the  drug,  untoward  effects  were  observed  a generation 
later  in  their  offspring.  As  for  the  case  of  non-negligence,  most  attorneys  woi  probably 
advice  against  litigation  because  the  recovery  is  likely  to  be  small. 

Mr.  Capron  noted  that  one  of  the  drawbacks  of  the  Worker’s  Compensation  m for 
the  payment  of  non-negligent  research  related  injury  is  that  a typical  Worker 
Compensation  claim  is  made  by  a normal  subject.  In  the  case  of  research  subjects  with 
disease,  one  must  consider  treating  the  natural  course  of  their  disease  as  a contributing 
factor.  Sponsoring  institutions  may  end  up  paying  for  events  resulting  from  est  in 
addition  to  the  treatment. 
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Ms.  Buc  said  that  in  the  few  reported  cases  of  litigation,  almost  all  of  the  patients  have 
been  denied  recovery.  If  the  informed  consent  document  is  clear  and  accurate,  there 
should  be  no  negligence  on  the  part  of  the  investigator  or  the  sponsoring  institution. 

Mr.  Capron  explained  that  one  of  the  conclusions  of  the  task  force  is  that  the  reason  for 
the  low  incidence  of  injury  claims  is  probably  due  to  the  level  of  care  that  research 
subjects  generally  receive.  Under  normal  circumstances,  patients  usually  receive  better 
care  in  the  research  setting  than  under  the  care  of  a primary  physician.  Negligence  can 
occur  by  withholding  something  that  is  desirable,  applying  something  that  is  desirable  in 
an  incorrect  way,  or  by  giving  something  that  is  undesirable.  Mr.  Barton  stated  that  he  is 
not  as  confident  about  the  low  number  of  liability  cases  as  other  RAC  members.  It  is 
this  fear  of  liability  that  is  serving  as  a major  deterrent  to  development  of  major  research 
products,  such  as  vaccines.  Occasionally  legislation  is  submitted  to  shift  the  responsibility 
for  liability  to  the  Federal  Government  to  cap  liability  claims;  however,  other  than  the 
Swine  Influenza  legislation,  none  of  these  efforts  have  been  realized. 

Dr.  McCarthy  addressed  the  responsibilities  of  IRBs  and  the  sponsoring  institutions.  The 
IRB  is  advisory  to  the  institution  except  for  the  case  when  a protocol  has  been  rejected. 
In  that  case,  the  IRB  has  veto  power  over  research  involving  human  subjects.  The 
IRB/institution  relationship  is  analogous  to  the  RAC/NIH  Director.  Theoretically,  the 
NIH  Director  would  have  the  authority  to  approved  a protocol  that  has  been  rejected  by 
the  RAC.  However,  such  an  outcome  is  unlikely. 

Dr.  Chase  inquired  if  subjects  are  compensated  for  lost  wages  during  the  time  that  they 
participate  in  a research  study  and  would  receipt  of  such  a payment  alter  their  capacity 
to  recover  damages  in  a lawsuit.  Dr.  McCarthy  responded  that  payment  to  a participant 
in  a research  study  does  not  prevent  them  from  initiating  litigation.  With  regard  to 
compensation  for  participation  in  a study,  the  Code  of  Federal  Regulations  are  very  vague 
stating  that  the  amount  of  money  offered  to  a subject  should  not  be  coercive.  This 
amount  of  compensation  is  largely  a judgement  call  by  the  IRB  as  to  whether  it  is 
coercive  with  respect  to  the  patient  population.  NIH  generally  compensates  for  travel 
expenses  and  lost  wages  during  treatment. 

Dr.  Zallen  asked  if  the  Task  Force,  President's  Commission,  or  any  of  the  various 
committees  ever  made  a distinction  between  therapeutic  and  non-therapeutic  research. 
Dr.  McCarthy  said  that  a distinction  was  attempted;  and  at  the  time  of  the  study,  no 
injuries  had  been  attributable  to  non-therapeutic  research.  Often,  the  distinction 
between  therapeutic  and  nontherapeutic  is  unclear.  For  that  reason,  the  terminology  was 
changed  to  refer  to  research  that  is  directly  intended  to  benefit  the  patient  versus  not 
intended  to  benefit  the  patient.  Dr.  Zallen  noted  that  the  issue  of  compensation  for 
research  related  injury  was  discussed  at  the  November  21-22,  1991,  Human  Gene 
Therapy  Subcommittee  (HGTS)  meeting.  She  and  Ms.  Buc  drafted  a resolution 
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embodying  their  concerns,  and  suggested  that  the  resolution  should  be  submitted  for 
consideration  at  the  next  RAC  meeting.  The  resolution  recommends  that  the  NIH 
establish  uniform  standards  for  the  payment  of  medically  related  costs  for  injuries  arising 
out  of  non-therapeutic  biomedical  research.  Dr.  Walters  said  that  he  supported  Dr. 
Zallen's  proposal. 

Dr.  Leventhal  suggested  that  Data  Management  reporting  should  also  be  included  as  an 
agenda  item  for  the  next  RAC  meeting. 

VI.  PRESENTATION:  RADIATION  AND  MUTATION  RATES  IN  HUMAN 
POPULATIONS/DR.  NEEL 

Dr.  Wivel  explained  that  the  HGTS  formed  a working  group  to  discuss  germ  line  gene 
therapy  issues.  These  discussions  resulted  in  a proposal  to  invite  a series  of  experts  to 
speak  on  issues  that  are  relevant  to  the  area  of  germ  line  gene  therapy.  While  germ  line 
gene  therapy  cannot  be  considered  an  imminent  procedure,  it  is  not  premature  to  begin 
to  discuss  these  issues  in  the  event  that  this  type  of  therapy  becomes  a reality.  Since  the 
RAC  voted  to  merge  the  subcommittee  with  the  parent  committee,  it  is  appropriate  that 
these  presentations  be  made  to  the  RAC.  He  presented  the  first  in  this  series  of  expert 
speakers,  Dr.  James  Neel,  a population  geneticist  from  the  University  of  Michigan. 

Presentation--Dr.  Neel 

Dr.  Neel  noted  that  a relevant  issue  for  the  discussion  of  germ  line  therapy  is  an  analysis 
of  spontaneous  and  induced  genetic  mutations.  Spontaneous  mutation  data  reveals  the 
frequency  of  DNA  mutations  in  the  absence  of  external  factors,  whereas  induced 
mutation  data  reveals  the  magnitude  of  the  response  to  known  perturbing  factors. 
Conclusions  can  be  drawn  regarding  the  homeostatic  properties  of  the  genome.  Despite 
considerable  research,  there  is  a significant  amount  of  information  that  needs  to  be 
obtained  about  the  frequency  of  human  germ  line  mutation  rates. 

Functional  genes  have  a mutation  rate  between  1 to  2 x 10'5  per  gene  per  generation. 
With  50,000  functional  genes,  a newly  fertilized  egg  has  two  to  four  point  mutations  in 
these  functional  genes.  At  the  DNA  level,  the  frequency  of  spontaneous  mutation  for 
nucleotides  is  1 to  2 x 10-8  per  generation.  With  3 x 109  nucleotides  in  the  haploid 
genome,  this  corresponds  to  30  to  60  mutations  per  gamete  and  60  to  120  per  zygote. 
Many  of  these  mutations  occur  in  DNA  with  little  functional  consequence,  but  the 
remainder  will  occur  in  DNA  whose  integrity  must  be  maintained. 

Purines  and  pyrimidines  are  constantly  being  displaced  from  the  DNA.  Purines  are 
displaced  at  the  rate  of  3 x 10'11  per  second,  suggesting  remarkable  stability  for  any 
specific  site.  Mammals  lose  approximately  10,000  purines  from  their  DNA  every  20 
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hours  by  spontaneous  hydrolysis.  Unless  precisely  replaced,  each  loss  could  result  in  a 
mutation.  DNA  is  constantly  exposed  to  mutagenic  chemical  radicals,  resulting  from 
indigenous  and  exogenous  metabolism.  These  effects  must  be  repaired  exactly  or  a 
mutation  will  result.  To  meet  these  challenges,  organisms  have  developed  a complex 
array  of  fail  safe  mechanisms.  Experiments  demonstrate  that  E.  coli  is  capable  of 
repairing  over  95%  of  the  damage  that  occurs  to  its  DNA. 

Dr.  Neel  presented  a slide  demonstrating  the  presence  of  rogue  cells  in  human 
peripheral  blood.  Although  the  most  abnormal  of  these  rogue  cells  are  not  capable  of 
undergoing  mitosis,  the  less  abnormal  ones  could  be  capable  of  cell  division.  It  is 
postulated  that  these  cells  occur  in  other  tissues  of  the  body  and  may  be  the  starting 
point  of  oncogenesis.  Data  suggests  that  these  abnormal  cells  are  the  result  of 
transposon  activation. 

Dr.  Neel  addressed  the  effect  of  severe  external  perturbation,  such  as  exposure  to  atomic 
bombs,  on  DNA.  He  noted  a 46  year  victim  follow-up  to  the  Hiroshima  and  Nagasaki 
bombings.  This  follow-up  includes  a complex  epidemiological  analysis  of  the  individuals 
effected  as  well  as  their  offspring.  These  data  have  been  matched  to  control  individuals 
with  respect  to  sex  and  year  of  birth.  Rosters  (cohorts)  exist  that  include  data  on 
approximately  30,000  offspring  of  the  exposed  individuals.  In  this  group,  the  rate  of 
untoward  pregnancies  and  mortality  exclusive  of  cancer  is  far  below  the  level  of 
statistical  significance.  Protein  studies  reveal  no  evidence  of  increased  mutation  rates. 

In  addition,  these  data  suggest  that  there  was  no  effect  on  the  physical  development  of 
these  offspring.  No  change  in  the  expected  sex  ratio  was  observed.  No  increased 
incidence  of  inheritable  or  non-inheritable  tumors  was  observed.  In  summary,  it  has  not 
been  statistically  demonstrated  that  parental  exposure  to  the  nuclear  radiation  resulting 
from  these  bombings  has  adversely  affected  the  attributes  of  the  children  of  the  exposed 
individuals. 

Dr.  Neel  stated  that  for  the  past  40  years,  data  regarding  the  genetic  implications  of 
radiation  have  been  guided  by  in  vivo  murine  research.  Presently,  mutational  geneticists 
are  discovering  that  the  human  data  derived  from  the  acute  exposure  to  radiation  does 
not  correspond  to  data  derived  in  mice.  The  doubling  dose  of  acute  radiation  for  mice  is 
approximately  0.4  severs.  Humans  are  five  times  less  sensitive  to  acute  radiation  than 
mice  to  radiation.  For  exposure  to  chronic  radiation,  the  doubling  dose  is  1.0  severs  for 
mice  and  4.0  severs  for  humans.  It  is  difficult  to  compare  the  human  and  murine 
findings.  Therefore,  mutation  geneticists  hypothesize  that  the  only  murine  data  that 
would  compare  to  the  human  situation  would  be  specific  locus  (phenotype)  testing. 
Following  this  method  of  analysis,  it  was  found  that  when  the  estimates  of  the  acute  dose 
in  mice  are  converted  to  chronic  dose  by  a dose  rate  factor  of  three,  a doubling  dose  of 
4.0  severs  is  obtained.  This  result  very  closely  estimates  the  human  scenario.  However, 
there  are  errors  associated  with  these  estimates. 
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Regarding  germ  line  gene  therapy,  Dr.  Neel  added  that  despite  the  overwhelming 
scientific  advances  towards  genome  research  in  the  last  30  years,  understanding  the 
anatomy  and  interactions  of  the  genome  is  still  in  its  infancy.  He  stated  that  in  his 
opinion,  it  would  represent  intellectual  arrogance  for  scientists  to  seriously  consider 
embarking  on  human  germ  line  gene  therapy.  The  implications  and  lessons  of  somatic 
cell  gene  therapy  will  not  be  completely  known  for  at  least  30  years.  Recent  data 
suggests  that  "shotgun"  injection  of  DNA  into  transgenic  mice  results  in  serious  genetic 
defects  for  10%  of  the  population;  this  frequency  may  actually  be  higher.  For  this 
reason,  germ  line  therapy  carries  an  unacceptable  level  of  risk  at  this  time. 

Dr.  H.  Miller  inquired  about  the  following.  If  data  demonstrates  that  only  10%  of  the 
animals  acquired  developmental  abnormalities  and  since  the  patients  who  would  be 
eligible  for  such  therapy  have  profound  life  threatening  diseases,  is  this  level  not 
acceptable  for  risk  to  the  patient?  Dr.  Neel  cautioned  Dr.  H.  Miller  that  modifications 
incorporated  through  germ  line  gene  therapy  remain  in  the  gene  pool,  therefore, 
affecting  future  generations.  Although  there  may  be  an  immediate  gain,  the  inserted 
gene  may  be  a "genetic  time  bomb." 

Dr.  Parkman  acknowledged  that  the  RAC  is  not  in  a position  to  consider  germ  line  gene 
therapy  as  a primary  form  of  treatment  for  life  threatening  diseases  at  this  time. 
However,  the  RAC  must  consider  the  possibility  that  the  genetic  material  administered 
for  somatic  cell  therapy  could  inadvertently  become  incorporated  into  the  germ  line  of 
that  patient. 

Dr.  Walters  asked  Dr.  Neel  to  comment  on  the  prospects  for  technical  breakthroughs  in 
homologous  recombination  and  site  specific  integration  of  new  genes.  Dr.  Neel 
explained  that  he  could  not  visualize  any  introduction  of  a gene  so  precise  that  there 
would  be  no  residual  change  in  the  nucleotide  composition  of  that  particular  segment  of 
DNA. 

Dr.  Krogstad  inquired  about  the  frequency  of  crossing  over  and  reduction  division  that 
occurs  in  a single  generation.  Dr.  Neel  noted  that  when  crossing  over  is  not  precise, 
there  is  potential  for  a mutation  to  occur.  Experiments  to  address  this  issue  are  just 
beginning  and  are  very  complex  to  perform  in  higher  eukaryotes.  It  is  known  that 
crossing  over  is  sometimes  imprecise,  e.g.,  hybrids  between  the  beta  and  delta  locus. 
However,  the  extent  to  which  there  is  imprecise  crossing  over  within  one  locus  is  unclear. 

Dr.  Haselkom  asked  about  the  basis  for  different  mutation  rates  among  different  genes 
and  the  "real  life"  equivalent  of  five  severs.  Dr.  Neel  responded  that  a large  gene,  e.g., 
neurofibromatosis,  has  a higher  mutation  rate  than  a smaller  gene.  In  addition,  there 
are  certain  nucleotide  sequences  that  are  susceptible  to  mutation  by  methylation.  Dr. 
Neel  explained  that  during  the  reproductive  cycle,  an  individual  is  exposed  to 
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approximately  10  Roetgen  units  of  chronic  radiation,  from  both  spontaneous  and 
industrial  exposure.  The  doubling  dose  for  acute  radiation  is  about  l/40th  of  the  chronic 
dose.  One  important  issue  is  that  risk  of  mutation  is  principally  at  the  time  of 
replication.  Controlled  experiments  in  which  cell  cycles  are  regulated  in  culture  suggest 
that  mutations  occur  when  nucleotide  substitutions  are  made  at  the  time  of  cell  division. 

Dr.  DeLeon  asked  Dr.  Neel  to  comment  on  the  fact  that  the  egg  is  responsible  for  about 
10%  of  chromosomal  abnormalities.  Dr.  Neel  said  that  at  least  10%  of  newly  fertilized 
eggs  carry  a major  chromosomal  abnormality,  and  that  most  of  these  are  eliminated  early 
in  pregnancy.  These  abnormalities  can  be  derived  from  either  the  father  or  the  mother. 
Sperm  cells  transmit  a large  number  of  abnormalities. 

Mr.  Capron  asked  if  the  current  thrust  of  DNA  research  directed  towards  these  questions 
still  remain  to  be  answered.  Dr.  Neel  said  more  intensive  investigation  is  needed  using 
animals  with  short  life  spans.  The  carcinogenic  implications  of  DNA  therapy  could  be 
better  addressed  in  animals  with  shorter  life  cycles.  Mr.  Capron  asked  if  the  10%  of 
abnormalities  that  occur  result  in  neoplasms  or  growth  deformities.  How  is  fetal  wastage 
taken  into  consideration  in  this  figure?  Dr.  Neel  said  that  genetic  abnormalities  occur  in 
10%  of  transgenic  mice  having  a gene  inserted  into  their  germ  line.  Dr.  Anderson  stated 
that  the  actual  percentage  could  be  higher  than  estimated.  Dr.  Neel  explained  that  there 
is  a range  of  abnormalities  reported  ranging  from  homozygous  lethal  in  utero  effects  to 
physical  abnormalities. 

Dr.  Leventhal  said  that  the  data  indicated  that  the  offspring  of  individuals  exposed  to 
ionizing  radiation  were  normal  compared  to  control  groups.  Is  there  any  evidence  that 
future  generations  have  a higher  likelihood  of  being  abnormal?  Is  there  a protective 
effect  of  the  radiation  damage  so  that  damaged  cells  are  incapable  of  reproducing?  Dr. 
Neel  stated  that  the  data  suggests  that  the  homeostatic  properties  of  the  genome  are 
better  than  originally  hypothesized.  With  regard  to  future  generations,  there  is  evidence 
of  recessive  hidden  damage  as  evidenced  by  the  presence  of  abnormal  proteins.  These 
studies  are  currently  in  progress  at  laboratories  at  Hiroshima  and  Nagasaki.  Dr. 
Leventhal  asked  if  there  is  a reason  to  suspect  that  the  mechanism  of  alteration  of  DNA 
by  gene  therapy  is  more  likely  to  result  in  transmissible  damage  that  any  other  external 
source?  Dr.  Neel  stated  that  cells  have  a coping  mechanism  that  has  evolved  to 
compensate  for  radiation  and  chemical  damage.  Because  there  are  multiple  retroviral 
footprints  in  the  human  genome,  a copying  mechanism  also  exists  to  a degree.  However, 
it  is  unclear  what  the  cost  to  the  population  will  be  of  randomly  inserting  genetic 
material  into  our  genome.  Dr.  D.  Miller  interjected  that  there  is  a large  body  of  data 
regarding  the  integration  of  transposable  elements  into  genes  in  disease  states  such  as 
Factor  8.  Can  any  predictions  be  made  regarding  how  often  these  integrations  occur? 

Dr.  Neel  responded  that  data  derived  from  Drosophila  experiments  suggest  that  50%  of 
all  mutations  are  the  result  of  retroviral  movement. 
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Dr.  Walters  noted  that  Dr.  Neel  had  published  the  first  scientific  article  in  the  American 
Journal  of  Human  Genetics,  published  in  1949,  and  thanked  Dr.  Neel  for  addressing  the 
RAC.  Dr.  Walters  asked  Dr.  Neel  to  address  Muller's  "load  of  mutations"  theory,  and 
whether  these  mutations  could  ever  be  reversed  through  technology  or  if  humans  must 
learn  to  cope  with  this  inevitable  condition.  Dr.  Neel  answered  that  Mueller  envisioned 
the  human  species  as  precariously  balanced  between  an  increase  in  the  mutation  rate 
and  biological  collapse.  Dr.  Neel  stated  that  the  prospects  for  the  human  condition  are 
significantly  better  than  those  proposed  by  Mueller. 

Dr.  Neel  stated  that  he  is  not  opposed  to  the  approval  of  somatic  cell  gene  therapy 
experiments  for  the  treatment  of  disparate  diseases  of  the  type  that  the  RAC  has  already 
approved.  However,  for  protocols  such  as  ADA,  these  children  must  be  evaluated 
indefinitely.  Sometimes  the  short-range  gain  is  offset  by  long-term  loss.  An  example  of 
this  scenario  is  the  children  who  were  cured  of  leukemia  by  intensive  radiation  and 
chemotherapy.  Twenty  years  later,  20%  of  these  individuals  have  induced  secondary 
tumors.  Dr.  Murray  thanked  Dr.  Neel. 

VII.  PROPOSED  ADDITIONS  TO  APPENDIX  D OF  THE  NIH  GUIDELINES 

REGARDING  THREE  HUMAN  GENE  TRANSFER  PROTOCOLS  ENTITLED:  (1) 

PHASE  I/II  STUDY  OF  THE  USE  OF  RECOMBINANT  HUMAN  INTERLEUKIN  3 
STIMULATED  PERIPHERAL  BLOOD  PROGENITOR  CELL  SUPPLEMENTATION 
IN  AUTOLOGOUS  BONE  MARROW  TRANSPLANTATION  (ABMT)  INPATIENTS 
WITH  BREAST  CARCINOMA  OR  HODGKINS  DISEASE , (2)  EVALUATION  OF  THE 
USE  OF  RECOMBINANT  HUMAN  GRANULOCYTE  COLONY  STIMULATING 
FACTOR  (G-CSF)  STIMULATED  PERIPHERAL  BLOOD  PROGENITOR  CELL 
SUPPLEMENTATION  IN  AUTOLOGOUS  BONE  MARROW  TRANSPLANTATION  IN 
PATIENTS  WITH  LYMPHOID  MALIGNANCIES , AND  (3)  A TRIAL  OF  G-CSF 
STIMULATED  PERIPHERAL  BLOOD  STEM  CELLS  FOR  ENGRAFTMENT  IN 
IDENTICAL  TWINS /DR.  SCHUENING 

Review-Dr.  Geiduschek 

Dr.  Murray  called  on  Dr.  Geiduschek  to  present  his  primary  review  of  the  three  gene 
transfer  protocols  submitted  by  Dr.  Friederich  Schuening  of  the  Fred  Hutchinson  Cancer 
Research  Center,  Seattle,  Washington.  Dr.  Geiduschek  provided  a brief  overview  of 
these  three  protocols  involving  ABMT  of  CD34(  + ) subpopulations  of  cells  that  have 
been  transduced  with  a marker  gene  encoding  for  neoR.  The  investigators  have 
presented  a large  amount  of  data  derived  from  large  animal  models.  These  in  vivo  data 
suggest  that  there  are  wide  fluctuations  in  the  frequencies  of  clonal  populations.  Dr. 
Geiduschek  stated  that  with  the  original  review  of  these  protocols,  he  had  a number  of 
concerns;  however,  Dr.  Schuening  responded  to  all  of  these  questions  satisfactorily.  The 
one  issue  that  remains  to  be  resolved  is  that  of  safety  testing  and  what  constitutes  a 
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quantitative  and  information  based  system  for  assuring  the  safety  of  transducing  particle 
suspensions. 

Dr.  Geiduschek  stated  his  concerns  regarding  the  issue  of  helper  virus  testing.  Standards 
should  be  established  for  these  assays  to  ensure  that  the  probability  of  contamination  by 
one  helper  virus  particle  is  less  that  10'\  where  "x"  is  a suitable  number  greater  than  two 
or  three.  Currently,  the  S+/L'  test  does  not  meet  this  requirement.  There  is  an 
extended  S+/L'  assay  that  may  be  more  sensitive  than  the  standard  test;  however,  this 
extended  assay  was  not  performed  by  Dr.  Schuening. 

Dr.  Geiduschek  explained  that  the  investigators  cultured  the  packaging  cell  line  following 
harvest  of  the  vector  supernatant  for  several  weeks  to  ensure  that  no  helper  virus 
particles  were  present  in  the  original  preparation.  This  culturing  procedure  is  a more 
sensitive  method  for  the  detection  of  replication  competent  helper  virus  than  the 
standard  S+/L‘  assay  because  the  entire  preparation  is  tested,  not  just  a fraction.  In 
addition,  long-term  culture  relies  on  the  dynamics  of  helper  virus  appearance  in  a 
population  resulting  from  an  initial  contamination.  If  the  dynamics  of  this  long-term 
culture  procedure  are  established  with  regard  to  the  specification  of  cell  line,  constructs, 
and  producers,  then  this  procedure  should  yield  the  appropriate  safety  criteria  for 
monitoring  helper  virus  contamination.  The  necessary  reconstruction  experiments  have 
not  yet  been  performed  to  determine  these  specific  criteria.  This  issue  should  be  settled 
in  a quantitative  and  reliable  manner.  Since  Dr.  Schuening  will  obtain  his  vector 
supernatants  from  a source  other  than  the  one  that  has  supplied  investigators  of  previous 
approved  protocols,  perhaps  the  RAC  should  base  its  decision  on  safety  data  submitted 
in  response  to  established  safety  criteria  rather  than  relying  on  the  track  record  of  a 
particular  supplier. 

Review-Dr.  Krogstad 

Dr.  Krogstad  said  that  he  had  some  of  the  same  initial  concerns  regarding  the  helper 
virus  assay  that  were  raised  by  Dr.  Geiduschek,  but  the  important  issues  were  discussed 
previously.  The  study  proposes  to  treat  20  patients  over  a four  year  period.  If  there  are 
subgroups  of  patients  with  various  diagnoses,  how  will  the  investigators  evaluate  this 
data?  If  the  disease  process  of  a particular  group  has  an  impact  on  the  outcome  of  the 
experiment,  the  data  may  be  difficult  to  interpret.  Dr.  Schuening  responded  earlier  that 
all  of  these  patients  should  have  marrow  activity  restored;  therefore,  similar  positive 
results  should  be  obtained  for  all  groups  with  regard  to  the  marking  study.  From  a 
theoretical  point,  it  would  be  preferable  to  employ  a technique  that  would  allow  one  to 
distinguish  between  marked  cells  that  have  and  have  not  replicated  their  DNA.  In 
response  to  concerns  about  quantitative  PCR,  Dr.  Krogstad  noted  that  the  investigators 
will  respond  to  this  point  during  their  presentation. 
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Review— Dr.  Walters 

Dr.  Walters  asked  the  investigators  to  hypothesize  about  the  fate  of  the  gene  marked 
cells  if  they  survive  and  contribute  to  reconstitution.  The  investigators  propose  to  use 
the  LN  retroviral  vector.  How  does  LN  compare  to  the  LNL6  vector  that  has  already 
been  approved  for  use  in  other  human  gene  therapy  protocols?  How  many  animals  have 
been  studied  in  the  in  vivo  experiments  to  date?  What  is  the  transduction  efficiency  of 
human  cells  by  the  proposed  retroviral  vector?  With  regard  to  the  informed  consent 
document,  Dr.  Walters  stated  that  it  was  clear  and  targeted  directly  to  the  gene  marking 
aspect  of  the  protocol. 

Other  Comments 

Dr.  Parkman  said  that  the  RAC  needs  to  define  its  criteria  for  a vector,  regardless  of  the 
supplier  of  the  vector.  A set  of  vector  standards  needs  to  be  established.  These 
standards  may  evolve  as  assays  are  refined,  and  their  level  of  sensitivity  is  increased. 

Since  the  safety  standards  established  by  the  RAC  will  continue  to  evolve,  it  is  critical 
that  the  RAC  maintain  consistency,  fairness,  and  objectivity  in  its  review.  If  Dr. 
Schuening  already  has  vector  supernatants  that  meet  the  same  safety  standards  as  were 
required  for  Drs.  Walker  and  Blaese,  then  they  should  be  allowed  to  use  the 
preparations  that  already  exist.  Have  Dr.  Schuening's  preparations  already  been 
approved  by  the  FDA?  If  Dr.  Schuening's  vector  is  not  analogous  to  the  vector  proposed 
in  the  protocol  review  this  morning,  would  the  new  extended  S+/L‘  assay  standard  be 
appropriate? 

In  response  to  Dr.  Parkman's  comment,  Dr.  Geiduschek  stated  that  the  issue  of  equity 
between  commercial  enterprises  is  not  the  dominant  one.  The  question  is  how  to  assure 
safety  within  agreed  guidelines.  Dr.  Parkman  responded  that  the  S+/L*  assay  has  been 
the  gold  standard  for  the  RAC  up  to  this  point.  GTI  has  provided  numerous  lots  of 
vector  supernatants  screened  by  this  assay  method.  The  issue  is  whether  the  RAC 
should  use  a different  standard  for  safety  between  two  protocols  reviewed  at  the  same 
meeting;  this  issue  is  about  fairness.  The  fact  that  a better  assay  exists  should  not 
influence  the  review  of  this  protocol.  If  the  RAC  decides  that  the  extended  S+/L'  assay 
is  now  the  standard,  then  that  should  be  a requirement  for  protocols  presented  at  future 
RAC  meetings.  Dr.  Geiduschek  added  that  Dr.  Schuening  is  using  a vector  and  supplier 
different  from  those  used  in  the  Walker-Blaese  protocol. 

Dr.  Zallen  said  that  the  informed  consent  document  states  that  the  gene  marking 
protocol  will  not  directly  benefit  the  patient;  however,  the  patient  will  be  responsible  for 
the  cost  of  the  therapy.  First,  the  gene  marking  protocol  is  not  considered  therapeutic. 
Second,  Dr.  Schuening  agreed  that  the  statement  about  payment  by  the  patient  would  be 
removed.  She  asked  the  investigators  to  respond  to  these  discrepencies  in  the  informed 


Recombinant  DNA  Research,  Volume  16 


[245] 


Recombinant  DNA  AtJvisory  Committee  - 09/14-15/92 


consent  document. 

Dr.  Post  requested  that  the  investigators  provide  further  information  regarding  co- 
cultivation of  the  cells  with  the  producer  cell  lines.  This  procedure  may  complicate  the 
issue  of  helper  virus  contamination.  What  is  the  stroma  that  will  be  in  the  long-term 
bone  marrow  culture? 

Dr.  Murray  called  on  Dr.  Paul  Aebersold  of  the  FDA  to  present  a brief  summary  of  the 
FDA  meeting  held  in  the  morning  regarding  safety  testing  for  replication  competent 
retroviral  vector  supernatant  preparations. 

Presentation--Dr.  Aebersold 

Dr.  Aebersold  of  the  Division  of  Biological  Investigational  New  Drugs,  FDA,  noted  that 
protocols  previously  approved  by  the  RAC  and  FDA  were  approved  prior  to  recent 
observations  in  monkeys  that  developed  lymphomas.  This  new  data  suggests  that 
replication  competent  retroviruses  possibly  could  be  pathogenic  in  primates.  The  FDA  is 
concerned  about  the  implications  of  these  findings  and  whether  it  should  initiate  testing 
beyond  previous  requirements. 

On  the  other  hand,  when  dealing  with  industrial  scale  production  of  biological  agents,  it 
is  not  possible  to  exhaustively  test  entire  production  lots.  For  example,  a production  run 
of  200  flasks  would  require  a final  scale  up  to  20,000  flasks  in  order  to  obtain  a final 
S+/L'  readout  of  the  entire  preparation.  Quality  control  testing  is  not  exhaustive  testing, 
only  representative  aliquots.  Therefore,  quality  control  testing  can  never  assure  that  no 
replication  competent  viruses  exist.  The  focus  of  the  FDA's  discussions  is  how  to  sample 
a production  run  for  testing,  what  assays  will  be  performed  on  these  aliquots,  the 
percentage  of  producer  cells  that  should  remain  in  long-term  culture,  and  whether  the 
producer  cells  should  be  cultured  with  a permissive  cell  line  for  retroviral  replication, 
including  xenotropic  viruses.  It  has  been  proposed  that  the  co-cultivation  assay 
procedure  may  be  a more  sensitive  method  for  detecting  helper  virus  contamination; 
however,  this  result  has  not  been  verified  in  a side-by-side  comparison.  In  the  future,  the 
FDA  will  probably  require  supernatants  to  be  assayed  on  a cell  line  that  is  sensitive  to 
xenotropic  viral  replication  such  as  the  Mus  dunni  murine  cell  line  which  supports 
xenotropic  virus  replication.  In  addition,  the  FDA  may  require  co-cultivation  testing  of 
an  aliquot  of  the  producer  cells.  However,  neither  of  these  assays  would  absolutely 
assure  that  there  are  no  replication  competent  viruses  in  a clinical  lot.  Although  the 
FDA  will  probably  be  initiating  more  stringent  standards  for  the  assay  of  replication 
competent  helper  viruses,  it  is  unclear  what  action  will  be  taken  on  existing  clinical  lots. 

Dr.  Post  inquired  as  to  the  FDA's  requirements  on  existing  protocols.  Dr.  Aebersold 
stated  that  he  could  not  respond  to  Dr.  Post's  question  because  this  issue  is  not  a simple 
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one.  Investigators  who  submit  a protocol  to  the  FDA  today  are  not  aware  of  the  newly 
developed  standards.  There  will  have  to  be  a transition  period  that  has  not  been 
established  yet  to  deal  with  the  clinical  lots  that  are  already  in  existence.  The  producer 
cell  from  these  lots  are  no  longer  in  existence  and  the  supernatants  are  cryopreserved 
and  ready  for  use.  Investigators  cannot  retrospectively  go  back  and  obtain  a sample  of 
the  cells  since  they  are  no  longer  available. 

Dr.  Post  asked  what  the  requirements  were  under  the  old  system  of  safety  standards.  Dr. 
Aebersold  responded  that  S+/L'  testing  and  amplification  on  NIH  3T3  cells  were 
required  for  all  supernatant  preparations.  Dr.  Parkman  asked  if  investigators  will  be 
required  to  keep  an  aliquot  of  the  producer  cells  in  long-term  culture  to  verify  the  lack 
of  helper  virus  contamination.  Dr.  Aebersold  answered  that  there  will  be  a requirement 
to  culture  the  producer  cells. 

Ms.  Buc  stated  that  it  is  inconceivable  that  the  RAC  is  deliberating  on  an  issue  that  was 
not  an  issue  for  approving  a protocol  this  morning.  There  needs  to  be  a sense  of 
consistency.  Dr.  Parkman  said  the  important  issue  is  whether  Dr.  Schuening  has  a vector 
preparation  already  in  storage  that  has  been  approved  by  the  FDA.  If  they  do  not  have 
a lot  with  FDA  approval,  then  this  discussion  is  irrelevant  because  the  FDA  will  employ 
the  revised  requirements  for  subsequent  lots. 

As  a point  of  clarification,  Dr.  Krogstad  explained  the  potential  differences  for  concern 
between  Drs.  Walker  and  Blaeses'  protocol  and  Dr.  Schuening's  protocol.  The 
discussion  about  Drs.  Walker  and  Blaeses'  protocol  was  predicated  on  economics  and  the 
wasting  of  a substantial  investment  of  a lot.  The  issues  encompassing  Dr.  Schuening's 
protocols  focus  more  on  the  safety  aspect.  If  the  RAC  decides  that  there  is  a significant 
difference  in  the  level  of  safety  between  these  two  protocols,  safety  should  take 
precedence  over  economics.  Dr.  Parkman  stated  that  economics  was  not  a consideration 
with  regard  to  his  earlier  comments.  The  relevant  issue  is  the  same  testing  criteria  for 
both  protocols. 

Presentation— Dr.  Schuening 

The  objective  of  the  marking  protocol  is  to  determine  whether  peripheral  blood 
progenitor  cells  contain  pluripotent  hematopoietic  stem  cells.  Insights  will  also  be 
obtained  regarding  the  best  method  for  mobilizing  these  peripheral  blood  stem  cells  in 
order  to  achieve  optimal  results.  Data  obtained  from  this  study  will  indicate  if 
peripheral  blood  contains  long-term  repopulating  cells  which  would  establish  their 
potential  use  for  autologous  and  allogeneic  transplants  or  as  long-term  carriers  of 
therapeutically  relevant  genes. 

Patients  eligible  for  the  gene  marking  protocol  are  those  who  are  participating  in  the 
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clinical  protocol  involving  ABMT  for  non-myeloid  neoplasia.  The  inclusion  criteria  are 
limited  to  patients  with  non-myeloid  neoplasms,  e.g.,  breast  carcinoma,  to  prevent  the 
possible  mobilization  of  leukemic  cells.  These  patients  have  received  growth  factors  that 
will  mobilize  their  peripheral  blood  progenitor  cells.  These  progenitor  cells  are  then 
harvested  and  stored  for  transplantation.  Patients  participating  in  the  gene  marking 
portion  of  the  study,  will  have  25%  of  their  stored  peripheral  blood  progenitor  cells 
transduced  with  the  neoR  gene.  These  transduced  cells  will  be  transplanted  into  the 
patient  in  addition  to  the  nontransduced  cells.  Patients  will  be  monitored  over  time  to 
detect  the  presence  of  gene  marked  cells  following  transplantation  to  determine  if  the 
administration  marked  pluripotent  stem  cells  result  in  continued  expression  of  the  neoR 
gene  in  both  myeloid  and  lymphoid  populations. 

Dr.  SchLcning  presented  preclinical  in  vivo  data  obtained  using  the  canine  model  to 
address  the  issue  of  continued  gene  expression  in  both  myeloid  and  lymphoid  cells. 
Long-term  gene  expression  has  been  observed  out  to  3Vi  years  following  transplantation 
of  transduced  marrow  cells  in  irradiated  animals.  Two  different  methods  of  transduction 
were  use*  One  method  used  a co-cultivation  procedure  in  which  marrow  cells  were 
cultured  with  the  vector  producing  cells  for  24  hours  and  subsequently  incubated  in  a 
long-tern  marrow  culture  with  vector  supernatant  for  an  additional  four  days. 

Preliminary  in  vitro  data  suggest  that  expanding  the  exposure  time  to  the  vector- 
containii  supernatant  increases  transduction  efficiency.  The  animals  were  pretreated 
with  cytc  an  to  enrich  for  nondifferentiating  and  stem  cells.  Cytoxan  also  stimulates  the 
stem  cells  to  cycle  which  is  an  important  prerequisite  for  retroviral  transduction. 

In  recent  i vivo  experiments,  animals  underwent  bone  marrow  aspiration  and  their 
marrow  cells  were  cryopreserved.  Following  bone  marrow  harvest,  the  animals  received 
growth  factor  to  stimulate  the  early  progenitor  cells.  Six  days  later,  the  animals  were 
leukapherised,  and  the  cells  were  enriched  for  Class  II  antigen  positive  ( + ) cells  which 
have  bee.i  shown  to  contain  the  stem  cell  fraction  in  the  canine  model.  These  enriched 
cells  were  cocultivated  for  24  hours  with  vector  producing  cells  followed  by  continued 
incubation  with  long-term  marrow  cells  for  1 1 days.  These  cultures  were  replaced  with 
fresh  vector  containing  media  every  other  day.  The  animal  was  then  lethally  irradiated 
and  both  transduced  and  untransduced  cells  were  readministered.  Three  animals  have 
been  transplanted  to  date  using  a modified  protocol  that  is  very  similar  to  the  proposed 
human  experiments.  1 x 107  nontransduced  cells  and  1 x 106  transduced  cells  were 
transplanted  per  kilogram.  All  three  of  these  animals  engrafted;  one  death  occurred  due 
to  infectious  complications.  The  remaining  two  animals  have  survived  out  to  180  days 
post-transplant.  Drug  resistant  colonies  from  both  lymphocytes  and  marrow  cells  have 
been  obtained  out  to  22  weeks  in  these  two  animals.  These  data  suggest  that  pluripotent 
stem  cells  have  been  transduced  in  these  animals. 

Dr.  Schuening  presented  in  vitro  human  data  indicating  that  24  hour  co-cultivation  of 
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marrow  cells  with  vector  producing  cells  results  in  5-24%  neoR  colonies.  This  data 
corresponds  to  the  information  obtained  from  the  canine  model.  In  addition,  peripheral 
blood  progenitor  cells  were  obtained  from  a patient  participating  in  the  ongoing 
therapeutic  trial  in  which  the  patient  received  G-CSF  for  the  mobilization  of  progenitor 
cells.  Following  mobilization,  CD34(  + ) cells  were  selected.  This  selected  fraction  of 
cells  was  then  transduced  by  24  hour  co-cultivation  with  vector  producing  cells. 
Fractionation  increases  the  efficiency  of  transduction  because  the  number  of  target  cells 
has  been  greatly  reduced. 

The  goal  of  the  protocol  is  to  determine  if  genetically  marked  peripheral  blood 
repopulating  cells  contribute  to  long-term  hematopoietic  reconstitution  after  autologous 
marrow  transplantation,  and  specifically,  to  monitor  the  quantitative  differences  in  long- 
term contribution  by  marked  peripheral  blood  repopulating  cells  based  on  the  particular 
growth  factor  administered  prior  to  bone  marrow  harvest.  One  protocol  uses  interleukin 
(IL)  3 and  the  other  uses  G-CSF  for  mobilization  of  early  progenitor  cells.  Important 
information  will  be  derived  from  this  protocol  regarding  which  growth  factor  is  the  best 
choice  for  mobilization  in  ABMT. 

Dr.  Schuening  described  the  human  protocol.  Twenty  days  prior  to  transplantation,  the 
patient's  marrow  will  be  harvested  and  cryopreserved.  Subsequently,  the  patient 
undergoes  cytokine  treatment  for  the  mobilization  of  peripheral  blood  progenitor  cells. 
Four  days  following  cytokine  treatment,  the  patient  is  leukapheresed  and  the  cells  are 
enriched  for  CD34(  + ) cells.  Twenty-five  of  these  CD34(  + ) cells  will  then  be  transduced 
using  the  24  hour  co-cultivation  with  producer  cells  followed  by  long-term  marrow 
culture.  Vector  containing  supernatant  will  be  replaced  in  these  long-term  cultures  every 
other  day  in  order  to  extend  the  exposure  time  to  the  retroviral  vector  thus,  increasing 
the  transduction  efficiency.  The  LN  vector  is  safer  than  the  LNL6  vector  because  the 
env  sequences  have  been  eliminated,  reducing  the  possibility  of  homologous 
recombination  leading  to  helper  virus  production.  However,  there  have  been  no 
instances  of  helper  virus  production  with  the  LNL6  vector  to  date.  If  the  RAC  decides 
that  insufficient  safety  data  has  been  submitted  with  the  LN  vector,  then  the  LNL6 
vector  will  be  used.  Following  the  preparatory  regimen,  the  patient  will  receive  the 
transduced  and  untransduced  marrow  cells  in  addition  to  the  transduced  CD34(  + ) cells. 
After  hematopoietic  recovery,  marrow  and  peripheral  blood  cells  will  be  assayed  by 
polymerase  chain  reaction  (PCR)  for  the  presence  of  the  neoR  gene  as  well  as  the 
development  of  neoR  colonies. 

In  response  to  Dr.  Walters  question  regarding  the  fate  of  the  marked  peripheral  blood 
repopulating  cells,  Dr.  Schuening  responded  that  based  on  the  in  vivo  canine  model,  data 
suggests  that  peripheral  blood  derived  stem  cells  behave  similarly  to  bone  marrow 
derived  stem  cells.  Following  infusion,  peripheral  blood  repopulating  cells  will  migrate 
to  the  bone  marrow  which  will  lead  to  hematopoietic  recovery.  Despite  the  in  vivo 
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murine  evidence  that  peripheral  blood  derived  stem  cells  reconstitute  similar  to  marrow 
derived  stem  cells,  this  result  has  not  been  proven  in  the  human  system. 

With  regard  to  the  differences  between  LNL6  and  LN,  Dr.  D.  Miller  will  respond  to  this 
question.  In  response  to  the  question  about  the  number  of  animals  transplanted  to  date, 
three  dogs  have  been  transplanted.  The  plan  is  to  transplant  a total  of  six  animals  in 
order  to  provide  a firm  base  for  the  human  study. 

Dr.  Schuening  addressed  the  earlier  question  about  cost  associated  with  the  treatment. 
He  explained  that  the  informed  consent  document  has  been  changed  so  that  the  form 
clearly  states  that  patients  will  not  be  responsible  for  the  cost  of  the  gene  transduction 
procedure. 

The  most  efficient  transduction  procedure  is  obtained  by  co-cultivation  with  lethally 
irradiated  vector  producing  cells  and  subsequent  incubation  in  a long-term  marrow 
culture  system  fed  every  other  day  with  vector  containing  supernatant.  Earlier 
experiments  indicate  that  24  hour  co-incubation  with  irradiated  producer  cells  alone 
results  in  short-term  expression  of  the  marker  gene.  This  recent  data  suggests  that  long- 
term exposure  is  necessary  for  the  transduction  of  committed  progenitor  cells  because 
stem  cells  replicate  very  rarely.  The  long-term  exposure  increases  the  likelihood  of 
transduction. 

Dr.  Post  inquired  if  cell  types  other  than  the  CD34(  + ) selected  peripheral  blood  cells 
are  present  in  the  long-term  marrow  culture  system.  Dr.  Schuening  explained  that  the 
long-term  marrow  culture  system  consists  of  an  adherent  cell  layer  that  is  established 
from  the  patient's  marrow  cells  at  the  time  of  harvest.  Dr.  Post  asked  if  the  adherent 
cells  will  also  be  administered  to  the  patient.  Dr.  Schuening  replied  that  the  adherent 
cells  also  would  be  returned  to  the  patients.  Dr.  Post  inquired  about  the  potential 
transduction  of  the  adherent  cells  by  the  neoR  gene.  Dr.  Schuening  said  that  the 
fibroblasts  will  probably  be  transduced  by  the  retroviral  vector.  Dr.  Post  was  concerned 
that  there  would  be  additional  stem  cells  derived  from  the  marrow  culture  that  would  be 
transduced  in  addition  to  the  peripheral  blood  stem  cells.  It  was  unclear  how  the 
investigators  will  distinguish  between  the  two  cell  types.  Dr.  Schuening  answered  that 
the  adherent  layer  also  will  be  irradiated;  therefore,  the  marrow  culture  cells  are 
incapable  of  being  transduced. 

Dr.  Parkman  noted  that  following  co-culture  of  the  progenitor  cells  with  the  producer 
cells,  the  cells  will  be  trypsinized  and  added  to  the  autologous  stroma.  In  that  event, 
murine  cells  are  now  mixed  with  human  cells.  Although  most  of  the  irradiated  murine 
cells  will  die,  there  exists  the  possibility  that  a few  mouse  cells  will  remain  and  be 
administered  to  the  patient.  Dr.  John  Belmont  has  reported  that  transduction  with 
autologous  stroma  and  cell  free  supernatants  is  as  efficient  as  the  co-culturing  method. 
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He  asked  Dr.  Schuening  if  he  had  data  in  his  model  to  confirm  this  hypothesis.  Is  the 
co-culture  step  necessary  since  there  is  the  potential  of  added  risk?  Dr.  Schuening 
responded  that  his  in  vitro  data  suggest  that  the  co-cultivation  step  is  necessary.  Cells 
were  transduced  with  and  without  co-cultivation  with  producer  cells  and  gene  expression 
was  monitored  for  six  weeks.  NeoR  expression  was  much  longer  with  the  co-cultivation 
procedure. 

Dr.  Walters  asked  for  further  information  regarding  the  cause  of  death  in  one  of  the 
animals.  Dr.  Schuening  said  that  the  animal  died  of  infectious  complications,  i.e.,  sepsis, 
resulting  from  the  transplantation  procedure.  It  is  not  unusual  for  animals  to  die  in  the 
early  phase  post  transplantation  because  they  are  immunosuppressed  as  a result  of  the 
chemotherapy  regimen.  Dr.  Walters  asked  how  long  the  remaining  two  animals  will  be 
studied  before  sufficient  data  is  obtained  to  initiate  the  human  protocol.  Dr.  Schuening 
stated  that  all  of  the  animals  would  be  monitored  for  helper  virus  during  their  lifetime. 
However,  monitoring  of  the  marked  peripheral  blood  cells  will  not  be  monitored  for  this 
period  of  time.  A reasonable  estimate  is  that  the  peripheral  blood  would  be  assayed  in 
these  remaining  animals  for  one  year  following  transplantation  to  demonstrate  that 
pluripotent  stem  cells  have  been  transduced  prior  to  initiating  the  human  protocol.  By 
the  time  FDA  approval  is  obtained,  the  animals  will  have  been  followed  for 
approximately  one  year. 

As  a point  of  clarification,  Dr.  Parkman  explained  that  the  actual  objective  of  the 
protocol  is  to  determine  the  most  optimal  cytokine  for  mobilizing  repopulating  cells  in 
these  patients.  Other  investigators  have  already  demonstrated  that  lethally  irradiated 
patients  could  be  reconstituted  with  peripheral  blood  stem  cells.  In  terms  of  efficacy,  all 
patients  are  obtaining  their  own  bone  marrow;  so  unless  there  is  a flaw  in  the 
cryopreservation  process,  all  patients  will  engraft.  Seventy-five  percent  of  the  stem  cells 
readministered  to  the  patient  will  be  untransduced;  therefore,  the  clinical  impact  of  the 
gene  marking  is  minimal.  Dr.  Geiduschek  inquired  if  the  only  variable  between  the 
protocols  submitted  by  Dr.  Schuening  is  the  choice  of  mobilizing  cytokine,  then  explain 
the  choice  of  different  patient  populations  and  different  target  tumors.  Dr.  Schuening 
replied  that  he  was  not  entirely  in  agreement  with  the  statement  made  by  Dr.  Parkman. 
Previous  data  does  not  indicate  whether  long-term  recovery  is  due  to  the  transplanted 
peripheral  blood  derived  cells  or  to  endogenous  recovery  resulting  from  the  temporary 
support  provided  by  these  cells.  This  question  has  never  been  answered  formally  in  the 
human  setting.  IL-3  and  G-CSF  are  the  two  cytokines  proposed  for  use  in  these 
protocols;  however,  additional  protocols  will  be  submitted  in  the  future  to  examine  a 
broader  range  of  cytokines. 

Dr.  Leventhal  said  that  these  protocols  are  not  designed  to  answer  the  cytokine  question, 
because  they  are  intended  to  target  two  separate  tumor  populations.  Why  are  the 
investigators  looking  at  so  many  variables,  i.e.,  different  patient  populations,  different 
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chemotherapy  histories,  and  different  cytokines  for  each  group?  At  what  point  do  the 
investigators  plan  to  use  a single  patient  population  using  three  different  mobilizing 
agents  as  the  variable?  Dr.  Schuening  responded  that  in  the  long  run,  this  approach 
would  be  the  best  for  obtaining  definitive  answers.  However,  with  the  patient 
recruitment  levels  for  these  therapeutic  protocols,  it  is  not  possible  to  have  sufficient 
numbers  of  patients  to  examine  these  variables  in  a systematic  approach.  The  gene 
marking  protocol  must  be  approved  as  an  addition  to  these  already  existing  protocols. 

To  date,  no  difference  has  been  observed  in  the  time  of  recovery  from  autologous 
transplantation  between  the  various  types  of  tumors.  Dr.  Leventhal  noted  that  the 
protocol  design  would  be  improved  if  patients  with  various  tumor  types  were  given  one 
particular  cytokine  versus  one  cytokine  to  one  tumor  type.  Dr.  Leventhal  requested 
clarification  as  to  the  tumor  type  versus  the  specific  cytokine  that  will  be  used.  Dr. 
Schuening  said  that  G-CSF  will  be  administered  to  breast  cancer  and  Hodgkin's  patients, 
whereas  IL-3  will  be  administered  only  to  lymphoma  patients.  Dr.  Murray  noted  that  the 
protocol  titles  do  not  correspond  to  this  fact. 

Dr.  Chase  said  that  experimental  design  dictates  that  multiple  treatments  for  multiple 
diagnosis  does  not  require  increased  numbers  of  patients,  merely  the  proper  allocation  of 
patients.  Therefore,  this  is  not  a resource  question,  it  is  a question  regarding 
experimental  design. 

Dr.  Parkman  said  that  the  RAC  must  focus  on  the  fact  that  this  protocol  is  a gene 
marking  study,  independent  of  preexisting  therapeutic  studies.  Dr.  Leventhal  said  that  if 
this  trial  were  to  be  truly  randomized,  then  representative  patients  from  each  tumor  type 
should  be  assigned  for  each  particular  cytokine.  Dr.  Parkman  explained  that  if  the 
investigators  are  required  to  make  this  change,  then  they  will  have  to  change  the  design 
of  their  basic  therapeutic  protocols. 

Dr.  Murray  called  on  Dr.  D.  Miller2  to  present  background  information  regarding  the 
LN  vector.  Dr.  D.  Miller  stated  that  LN  is  a modest  modification  of  the  LNL6  vector 
that  has  been  approved  for  use  by  the  RAC.  LNL6  has  an  envelope  sequence  that  could 
allow  for  homologous  recombination  with  a packaging  DNA  or  RNA.  With  LN,  all  of 
these  env  sequences  have  been  deleted.  LN  is  almost  identical  to  the  GINa  vector 
which  has  an  additional  linker  on  the  end.  Therefore,  LN  should  be  the  safest  vector. 

LN  is  produced  by  Targeted  Genetics,  Inc.  This  company  also  supplied  the  vector  used 
by  Dr.  Philip  Greenberg  of  Seattle,  Washington.  Dr.  Greenberg's  protocol  was 
previously  reviewed  and  approved  by  the  RAC  and  the  FDA. 


_ 

Dr.  D.  Miller  is  a co-investigator  on  this  protocol.  His  remarks  are  in  response 
to  reviewers  comments.  He  temporarily  relinquished  his  position  as  a committee 
member  during  this  protocol. 
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The  LN  vector  has  probably  been  safety  tested  more  extensively  than  any  of  the  other 
vectors  reviewed  to  date.  LN  has  been  "ping-ponged"  between  various  helper  virus 
sensitive  cell  lines  up  to  eight  times.  No  detectable  helper  virus  was  demonstrated  in 
these  experiments.  One  of  the  older  vectors,  N2,  produced  helper  virus  within  two 
passages.  In  addition,  LN  producing  cell  lines  have  been  cultured  for  several  weeks 
following  supernatant  harvest  and  no  detectable  helper  virus  was  observed.  Targeted 
Genetics,  Inc.,  assays  are  only  representative  of  helper  virus. 

Dr.  Murray  inquired  if  the  investigators  were  assaying  for  helper  virus  by  the  extended 
S+/L‘  assay.  Dr.  D.  Miller  said  that  although  they  are  not  performing  the  extended 
S+/L'  assay,  their  safety  testing  is  actually  more  stringent  than  other  assay  methods.  The 
packaging  cells  are  kept  in  continuous  culture  for  up  to  four  weeks  following  vector 
harvest.  With  this  method,  any  replication  competent  particles  originally  present  should 
be  amplified  to  extremely  high  levels  that  would  be  readily  detected  by  PCR.  Dr.  D. 
Miller  noted  that  they  have  recently  started  to  perform  the  Mus  Dunni  assay  also  on 
vector  preparations.  The  viral  stocks  have  been  prepared,  and  assay  are  in  storage. 
Helper  virus  has  never  been  demonstrated  with  the  PA317  cell  line  or  in  the  co- 
cultivation and  long-term  marrow  studies. 

Dr.  Carmen  submitted  revised  language  for  incorporation  into  the  informed  consent 
document.  The  word  "bacterial"  should  be  inserted  prior  to  the  word  "gene"  so  that  the 
patient  will  understand  the  source  of  that  gene. 

Dr.  Leventhal  asked  if  the  twin  protocol  requires  autologous  bone  marrow  (ABM) 
reinfusion  or  does  it  apply  only  to  peripheral  blood  stem  cells.  Dr.  Shuening  answered 
that  the  twin  study  pertains  only  to  the  infusion  of  peripheral  blood  stem  cells. 

Dr.  Geiduschek  inquired  as  to  the  number  of  transducing  particles  that  are  produced  per 
producer  cell.  Dr.  D.  Miller  responded  that  between  one  and  ten  particles  of  virus  are 
produced  per  cell  per  day.  This  number  of  particles  translates  to  approximately  between 
106  and  107  colony  forming  units  (CFUs)  per  milliliter.  There  are  approximately  25 
milliliters  per  flask. 

Committee  Motion 

A motion  was  made  by  Dr.  Geiduschek  to  approve  the  protocol  subject  to  a redefinition 
of  the  safety  of  the  LN  particles  that  verify  that  no  helper  virus  is  present  in  the 
equivalent  of  300  milliliters  of  supernatant.  Dr.  Post  suggested  that  the  wording  be 
changed  to  less  than  one  particle  per  300  milliliters.  The  investigators  will  be  obligated 
to  provide  evidence  of  this  data  without  actually  testing  all  300  milliliters  of  supernatant. 
This  data  should  be  obtained  by  extended  culture  of  the  producer  cell. 
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Dr.  Parkman  seconded  the  motion  only  to  speak  against  the  safety  testing  requirements 
proposed  by  Dr.  Geiduschek.  Dr.  Parkman  said  that  the  RAC  cannot  change  the 
standards  by  which  they  review  protocols  at  the  same  meeting.  Although  it  is  likely  that 
the  FDA  may  change  their  vector  testing  requirements  for  the  presence  of  replication 
competent  virus,  the  RAC  should  remain  consistent  in  its  requirements  for  testing  at  this 
time. 

Dr.  Doi  asked  the  time-frame  that  would  be  required  to  perform  the  additional 
experiments  suggested  by  Dr.  Geiduschek.  Dr.  D.  Miller  said  that  they  do  not  have  the 
option  of  returning  to  the  stocks  and  reassaying  for  helper  virus.  Those  cells  no  longer 
exist,  the  vector  supernatant  stocks  are  already  in  storage.  In  the  future  when  more 
supernatants  are  produced,  there  will  be  the  option  to  perform  the  suggested  assays. 

Dr.  Post  asked  if  the  NIH  3T3  amplification  assay  would  increase  the  level  of  sensitivity 
to  detect  one  particle  per  300  milliliters.  Dr.  D.  Miller  stated  that  the  NIH  3T3  assay 
would  not  provide  this  information;  however,  one  culture  flask  which  makes 
approximately  300  milliliters  of  supernatant  was  passaged,  cultured  long-term,  and 
assayed  for  replication  competent  helper  virus.  Dr.  Krogstad  asked  about  the  degree  of 
certainty  that  one  infectious  particle  will  be  detected  by  this  method.  Dr.  D.  Miller 
explained  that  at  the  time  of  supernatant  harvest,  the  producer  cells  are  confluent.  If 
one  viral  particle  is  present  at  this  stage,  that  particle  should  replicate  to  detectable 
levels  within  several  weeks  following  trypsinization  and  reculture  of  these  cells.  Dr.  D. 
Miller  described  experiments  performed  with  PA317  cells  in  which  a confluent  culture 
was  spiked  with  helper  virus.  Within  two  weeks,  the  number  of  helper  virus  particles 
increased  to  107  particles.  This  level  of  virus  is  readily  detectable  by  PCR. 

Dr.  D.  Miller  said  that  investigators  will  have  to  provide  data  according  to  the  standards 
established  by  FDA.  The  RAC  should  discuss  the  issue  of  helper  virus.  Although  FDA 
will  ultimately  develop  the  required  testing  standards,  this  issue  should  be  conducted  in 
public.  The  RAC  provides  such  an  open  forum  to  discuss  this  issue  unlike  the  FDA. 

Dr.  Aebersold  added  that  the  FDA's  Points  to  Consider  in  Somatic  Cell  Gene  Therapy 
document  was  established  based  on  public  review  and  comments.  FDA  reviews  gene 
therapy  confidentially;  however,  the  document  which  provides  the  basis  for  this  review 
was  established  publicly.  Dr.  Post  asked  Dr.  Aebersold  how  long  these  public  meetings 
would  continue.  Dr.  Aebersold  responded  there  is  no  expectation  that  FDA's  public 
meetings  will  be  abandoned. 

Amendment-Mr.  Barton 

Mr.  Barton  moved  that  the  motion  made  by  Dr.  Geiduschek  should  be  amended  to 
delete  the  requirement  for  the  special  review  of  the  safety  of  the  vector.  The  amended 
motion  would  merely  approve  the  protocols  with  the  expectation  that  the  FDA  will  set 
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the  safety  testing  standards.  The  amendment  was  seconded  by  Dr.  Post. 

Dr.  Carmen  asked  what  the  impact  of  this  amendment  would  be  on  the  RAC  review 
process  with  regard  to  safety  testing  requirements.  Mr.  Barton  stated  that  the  RAC 
would  be  sending  the  message  to  FDA  that  they  will  bear  the  ultimate  responsibility  for 
establishing  these  standards.  Dr.  Carmen  said  that  the  RAC  should  not  be  in  the 
business  of  sending  messages  to  the  FDA  and  that  the  RAC  should  establish  and 
conduct  its  own  agenda  as  it  deems  necessary.  Mr.  Barton  agreed  that  the  issue  of 
vector  safety  is  certainly  within  the  purview  of  the  RAC.  The  RAC  should  not  relinquish 
its  responsibility  to  discuss  this  issue;  however,  the  RAC  should  not  try  to  second  guess 
the  final  FDA  standards. 

Dr.  Parkman  suggested  that  the  RAC  should  vote  on  Dr.  Schuening's  protocols  based  on 
the  standards  that  were  used  earlier  in  this  meeting.  In  addition,  Drs.  D.  Miller  and 
Geiduschek  should  proposed  a recommendation  as  the  vector  safety  experts  on  the  RAC 
to  develop  a set  of  standards  that  investigators  should  meet  prior  to  RAC  review. 

Dr.  Secundy  asked  if  there  is  a reason  to  believe  that  the  vector  safety  standards 
previously  established  by  FDA  are  currently  inadequate.  Dr.  Parkman  responded  that 
there  is  no  evidence  of  inadequacy.  The  purpose  of  this  discussion  is  that  assays  are 
evolving  that  provide  a greater  level  of  sensitivity  than  existed  previously.  These  tests 
are  not  better,  just  more  sensitive.  Dr.  Secundy  asked  if  the  current  standards  are 
quantitatively  and  statistically  inadequate  as  opposed  to  inadequate  for  detecting  health 
risks.  Dr.  Secundy  said  that  if  the  current  standards  are  in  any  way  inadequate,  she 
would  not  support  the  approval  of  this  protocol  based  on  ethical  standards. 

Dr.  Parkman  said  that  there  is  no  clinical  evidence  that  current  standards  are  inadequate 
and  provided  background  information  regarding  the  vector  safety  concerns.  There  is 
data  from  one  investigator  demonstrating  that  monkeys  developed  lymphomas  as  a result 
of  helper  virus  contamination  of  the  retroviral  vector  preparation  used  for  gene  transfer. 
No  patients  developed  lymphomas.  Dr.  Walters  said  that  he  supports  Mr.  Barton's 
amendment. 

Dr.  Murray  called  on  Mr.  Barton  to  restate  the  proposed  amendment.  Mr.  Barton  stated 
that  the  amendment  will  revise  Dr.  Geiduschek's  motion  to  read  approval  of  the 
protocols  as  submitted  with  the  expectation  that  the  FDA  will  report  back  to  the  RAC 
about  the  helper  virus  safety  tests  and  the  approval  of  the  protocol.  Dr.  Murray  called 
for  a vote.  The  amendment  to  revise  Dr.  Geiduschek's  motion  passed  by  a vote  of  12  in 
favor,  4 opposed,  and  2 abstentions3. 


3Dr.  D.  Miller  abstained. 
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Mr.  Capron  moved  that  the  revised  motion  for  approval  should  be  restricted  to  the  two 
protocols  which  involve  a fully  autologous  system.  Dr.  Parkman  seconded  the  motion. 

Dr.  Murray  stated  that  the  newly  amended  motion  would  be  to  approve  the  two 
autologous  bone  marrow  transplantation  protocols  allowing  the  FDA  to  established  the 
required  vector  testing  standards. 

Dr.  Parkman  suggested  a friendly  amendment  to  this  motion.  The  language  should  be 
changed  to  read  "utilizing  an  FDA  approved  vector."  Although  the  FDA  must  ultimately 
approve  these  vectors,  the  RAC  should  not  defer  its  responsibility.  Ms.  Buc  agreed  and 
said  that  the  RACs  purpose  is  to  set  its  own  standards  for  what  is  appropriate  and 
should  not  defer  to  FDA.  Dr.  Wivel  reminded  the  committee  members  that  the  RAC 
review  process  is  independent  and  parallel  to  the  FDA  review  process.  Mr.  Barton 
accepted  this  change  as  a friendly  amendment.  Dr.  Parkman  stated  that  based  on  this 
clarification,  he  withdrew  the  friendly  amendment  to  Mr.  Barton's  motion. 

Dr.  Leventhal  called  the  question.  Dr.  Murray  stated  that  the  motion  now  on  the  table 
is  to  approve  the  two  autologous  protocols  as  written  with  the  expectation  that  the  FDA 
will  convey  to  the  RAC  its  standards  for  approval.  The  motion  to  approve  the  two 
autologous  protocols  passed  by  a vote  of  14  in  favor,  2 opposed,  and  2 abstentions3. 

Dr.  Parkman  asked  if  any  patients  have  been  enrolled  in  the  standard  protocol  utilizing 
peripheral  blood  stem  cells  from  identical  twins.  Dr.  Schuening  stated  that  the  first 
patient  is  currently  being  treated.  Dr.  Leventhal  asked  why  the  autologous  patients 
receive  G-CSF  for  seven  days  and  the  normal  donors  in  this  twin  protocol  receive  G-CSF 
for  five  days  when  peripheral  blood  collection  begins  on  day  four.  Dr.  Schuening  said 
that  he  is  not  the  PI  on  these  clinical  protocols  and  referred  the  RAC  to  the  background 
section  of  the  protocol  for  the  rationale  of  the  various  procedures.  The  optimal  time  to 
harvest  peripheral  blood  progenitor  cells  is  between  four  and  seven  days.  It  is  unclear  at 
this  time  what  the  most  optimal  day  is  for  harvest. 

Dr.  Leventhal  asked  if  there  is  any  evidence  that  the  gene  marking  process  may  slow 
down  the  repopulation  process.  Dr.  Schuening  explained  that  the  only  difference 
between  this  marking  protocol  and  the  ongoing  clinical  protocol  is  that  the  donors  will 
undergo  a fourth  leukapheresis  in  order  to  obtain  enough  cells  for  the  marking 
procedure. 

Dr.  Walters  asked  how  may  patients  worldwide  have  had  their  peripheral  blood  stem 
cells  transferred  to  another  patient.  Dr.  Parkman  said  that  one  recent  report  cited  25 
lymphoma  patients.  Dr.  Leventhal  added  that  there  is  extensive  data  regarding 
autologous  stem  cell  transplant  following  chemotherapy.  There  is  currently  no  data 


3Dr.  D.  Miller  abstained. 
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regarding  the  ability  to  reconstitute  following  G-CSF  administration.  Dr.  Schuening 
noted  that  his  laboratory  has  conditioned  12  patients  with  G-CSF,  harvested  autologous 
peripheral  blood  cells,  and  transplanted  the  stem  cells.  All  twelve  of  these  patients 
recovered  within  the  expected  time  frame.  Dr.  Leventhal  asked  if  these  patients 
received  chemotherapy  conditioning.  Dr.  Schuening  stated  that  these  patients  did  not 
receive  chemotherapy,  only  G-CSF. 

A motion  was  made  by  Dr.  Krogstad  and  seconded  by  Dr.  Parkman  to  approve  the 
identical  twin  protocol.  Dr.  Murray  called  for  a vote.  The  motion  passed  by  a vote  of 
11  in  favor,  2 opposed,  and  5 abstentions.3 

VIII.  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING  THE 

INTRODUCTION  OF  A GENE  CODING  FOR  TETRACYCLINE  RESISTANCE  INTO 
PORPHYROMONAS  GINGIVALIS/ DR.  PROGULSKE-FOX 

Review-Dr.  Schaechter 

Dr.  Murray  called  on  Dr.  Schaechter  to  present  his  primary  review  of  the  proposal 
submitted  by  Drs.  Progulske-Fox  and  Keierleber  of  the  University  of  Florida,  Gainesville, 
Florida.  Dr.  Schaechter  presented  an  overview  of  the  proposal.  The  investigators  are 
requesting  to  clone  the  gene  encoding  for  tetracycline  resistance  into  Porphyromonas 
gingivalis.  The  basis  for  this  request  comes  from  Section  III-A-3  of  the  NIH  Guidelines 
which  states,  Deliberate  transfer  of  a drug  resistance  trait  to  microorganisms  that  are  not 
known  to  acquire  it  (2)  if  such  acquisition  could  compromise  the  use  of  the  drug  to  control 
disease  agent  in  human  or  veterinary  medicine  or  agriculture.  Since  this  request  falls  within 
this  category,  RAC,  NIH,  and  IBC  approval  are  required.  This  experiment  should  be 
approved  because  it  carries  a negligible  risk.  Although  transfer  of  tetracycline  markers 
to  this  organism  (also  known  as  Bacteroides  gingivalis)  has  not  been  demonstrated, 
analogous  transfers  have  been  performed  among  similar  Bacteroides  from  the  human 
mouth. 

The  use  of  tetracycline  for  the  treatment  of  oral  gingivitis  is  rooted  in  habit.  It  is 
doubtful  that  antibiotics  in  any  way  interfere  with  the  course  of  this  disease.  The 
treatment  of  choice  is  surgical;  and  if  antibiotics  are  used,  there  are  other  drugs  from 
which  to  choose.  Therefore,  the  transfer  of  tetracycline  resistance  to  this  organism 
mimics  a natural  phenomenon,  and  the  acquisition  of  this  trait  is  not  likely  to 
compromise  the  use  of  this  drug  to  control  human  disease. 

Review— Dr.  Krogstad 


3Dr.  D.  Miller  abstained. 
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Dr.  Krogstad  agreed  with  the  statements  provided  by  Dr.  Schaechter  and  added  that 
there  is  no  evidence  that  tetracycline  is  necessary  for  the  treatment  of  the  clinical  entity. 

Review --Dr.  Murray 

Dr.  Murray  concurred  with  the  positive  assessment  of  the  proposed  experiment  offered 
by  the  other  primary  reviewers. 

Committee  Motion 

A motion  was  made  by  Dr.  Schaechter  and  seconded  by  Dr.  Haselkom  to  approve  the 
proposal.  Dr.  Murray  called  for  a vote.  The  motion  passed  by  a vote  of  15  in  favor,  0 
opposed,  and  1 abstention. 

IX.  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING  A HUMAN 
GENE  TRANSFER  PROTOCOL  ENTITLED:  USE  OF  RETROVIRAL  MARKERS  TO 
EVALUATE  THE  EFFICACY  OF  PURGING  AND  TO  DISCRIMINATE  BETWEEN 
RELAPSE  WHICH  ARISES  FROM  SYSTEMIC  DISEASE  REMAINING  AFTER 
PREPARATIVE  THERAPY  VERSUS  RELAPSE  DUE  TO  RESIDUAL  NEOPLASTIC 
CELLS  IN  AUTOLOGOUS  MARROW  FOLLOWING  PURGING  IN  PATIENTS  WITH 
CHRONIC  LYMPHOCYTIC  LEUKEMIA  (CLL)/ DR.  DEISSEROTH 

Review— Dr.  Doi 

Dr.  Murray  called  on  Dr.  Doi  to  present  his  primary  review  of  the  protocol  submitted  by 
Dr.  Albert  Deisseroth  of  MD  Anderson  Cancer  Center,  University  of  Texas,  Houston, 
Texas.  Dr.  Doi  presented  his  review  of  this  protocol.  This  protocol  is  similar  to  other 
leukemia  and  leukemia  remission  studies  that  have  been  reviewed  and  approved  by  the 
RAC  and  NIH.  The  investigators  will  use  in  vitro  gene  marking  with  either  the  LNL6  or 
GINa  vectors  to  test  the  efficacy  of  purging  methods  and  to  determine  whether  relapse 
after  autologous  transplantation  results  from  residual  systemic  disease  or  from  neoplastic 
cells  remaining  in  the  ABM  preparations  used  for  the  transplantation  of  CLL  patients. 

ABM  and  peripheral  blood  stem  cells  will  be  harvested  and  stored  after  induction  of 
remission.  The  ABM  cells  then  will  be  reinfused  into  the  patient  to  restore  marrow 
function  after  intensive  systemic  and  in  vitro  preparative  therapy.  The  investigators  will 
gain  insights  regarding  the  necessity  of  preparative  therapy  from  this  study.  In  some 
CLL  patients,  the  remission  period  is  greater  than  one  year,  suggesting  that  relapse  from 
leukemic  cells  contaminating  the  ABM  preparation  infused  after  preparative  therapy. 
Patients  demonstrating  a short  remission  period  suggest  that  relapse  may  be  due  to 
residual  systemic  disease. 
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Introduction  of  the  neoR  gene  into  the  ABM  cells  will  allow  the  investigators  to  identify 
the  source  of  relapse,  therefore,  providing  an  opportunity  to  improve  the  systemic  and/or 
in  vitro  purging  techniques.  Additional  data  may  be  obtained  regarding  the  clonality  of 
relapse,  efficiency  of  normal  versus  neoplastic  cell  separation  procedures,  and  efficiency 
of  systemic  preparatory  therapy. 

Both  the  LNL6  and  GINa  vectors  have  been  reviewed  and  approved  for  use  by  the  RAC 
in  previously  submitted  protocols.  The  difference  between  this  protocol  and  previous 
studies  is  the  use  of  bone  marrow  and  peripheral  blood  stem  cells.  PCR  analysis  will  be 
performed  to  confirm  stem  cell  transduction  with  the  neoR  gene.  NeoR  colonies  will  be 
positively  selected  in  G418  medium.  The  investigators  will  perform  assays  that  readily 
distinguish  the  two  vectors. 

CLL  patients  will  be  eligible  to  participate  in  this  study  based  on  the  ability  to  transduce 
and  grow  their  ABM  cells.  Although  data  was  not  provided  regarding  the  frequency  of 
transduction  in  CLL  cells  in  the  original  submission,  Dr.  Deisseroth  has  indicated  that 
this  data  now  exists. 

Dr.  Doi  said  that  he  inquired  about  the  retention  of  the  LNL6  and  the  GINa  genomes, 
and  that  Dr.  Deisseroth  had  responded  to  his  question  satisfactorily.  Dr.  Doi  said  that 
Dr.  Deisseroth  also  responded  to  the  concern  that  if  the  conventional  dose  of 
chemotherapy  does  not  reduce  the  percentage  of  abnormal  cells  below  0.01%,  what  is 
the  probability  of  improving  the  in  vitro  purging  methods. 

Dr.  Doi  stated  that  the  protocol  is  designed  to  answer  questions  other  than  those 
addressed  by  the  previously  approved  acute  myelogenous  leukemia  (AML)  and  chronic 
myelogenous  leukemia  (CML)  protocols,  and  the  study  is  experimentally  sound. 
Therefore,  the  protocol  should  be  approved. 

Review-Dr.  Bourquin 

In  Dr.  Bourquin's  absence,  Dr.  Doi  summarized  Dr.  Bourquin's  review.  Since  the  LNL6 
and  GINa  vectors  were  previously  approved,  there  is  no  objection  to  their  use.  Although 
this  protocol  does  not  provide  an  immediate  benefit  to  patients  participating  in  this 
study,  the  information  obtained  from  this  protocol  will  provide  a great  potential  for 
benefit  to  patients  in  the  future.  The  consent  form  is  well  presented,  and  the  patients 
will  be  adequately  informed  of  the  potential  risks.  In  addition,  the  patient  information, 
manuals  and  video  presentation  provides  comprehensive  explanation  of  the  study. 

Review-Ms.  Meyers 

Ms.  Meyers  was  also  unable  to  attend  the  meeting.  Dr.  Doi  summarized  Ms.  Meyer's 
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review.  The  language  in  the  informed  consent  document  should  be  modified  to  ask 
permission  to  perform  an  autopsy  rather  that  requiring  that  an  autopsy  be  performed. 

Dr.  Deisseroth  had  responded  to  Ms.  Meyers'  concerns  regarding  the  importance  of  the 
gene  marking/ ABM  research  satisfactorily.  However,  she  mentions  an  increasing 
concern  among  the  genetic  disease  consumer  group  that  funding  for  genetic  research  is 
inadequate,  whereas  funding  for  cancer  research  is  excessive  in  comparison.  Concern 
about  these  perceptions  is  important  from  a public  policy  standpoint  for  NIH.  Many 
protocols  reviewed  by  the  RAC  require  the  patient  to  pay  for  procedures  that  are 
expected  to  have  no  therapeutic  value,  this  requirement  raises  moral  and  ethical  issues 
that  have  not  been  adequately  addressed.  The  bone  marrow  marking  studies  may 
provide  answers  to  important  scientific  questions  that  are  applicable  to  many  diseases. 
Unfortunately,  many  patients  with  hereditary  life-threatening  disorders  will  not  live  long 
enough  to  benefit  from  the  answers.  This  research  would  appear  less  biased  if  protocols 
were  presented  at  future  RAC  meetings  involving  diseases  other  than  AIDS  and  cancer. 
Finally,  she  was  concerned  about  what  could  be  done  to  encourage  the  submission  of 
other  types  of  protocols? 

Dr.  Parkman  noted  that  this  CLL  protocol  differs  from  previously  submitted  protocols  in 
that  CD34  cells,  stem  cells,  will  be  positively  selected  in  addition  to  the  negative 
selection  of  the  CD19(-)  B cells.  However,  the  CD19  selection  process  was  inadvertently 
omitted  from  the  final  protocol.  A description  of  the  complement  lysis  procedure  should 
be  included  in  the  final  version  of  the  protocol.  He  inquired  about  the  relevant 
efficiency  of  the  two  types  of  purging  used. 

Dr.  Post  asked  for  clarification  regarding  which  particular  vector,  LNL6  or  GINa,  will  be 
used  to  transduce  either  the  marrow  or  peripheral  blood  cell  populations.  Dr.  Haselkom 
asked  the  investigators  to  expand  on  the  magnetic  bead  selection  procedure.  Dr.  Murray 
inquired  about  the  status  of  Dr.  Deisseroth's  previously  approved  protocols.  Have  the 
studies  been  initiated?  How  many  patients  have  been  enrolled?  Dr.  Murray  called  on 
Dr.  Deisseroth  to  present  a summary  of  the  proposed  experiment  and  to  respond  to  the 
RACs  questions  and  comments. 

Presentation-Dr.  Deisseroth 

Dr.  Deisseroth  explained  that  this  protocol  is  designed  to  determine  the  origin  of  relapse 
in  the  ABM  transplant  setting.  Two  similar,  yet  distinguishable,  safety  modified  vectors 
will  be  used  to  evaluate  the  independent  multiple  steps  used  to  remove  abnormal  cell 
populations.  These  two  steps  are  CD19(-)  selection  and  CD34(  + ) selection.  The 
negative  selection  process  is  designed  to  remove  the  unwanted  CLL  cells,  whereas  the 
positive  selection  procedure  retains  the  normal  cells. 

This  CLL  protocol  differs  qualitatively  from  other  protocols  in  that  it  involves  the 
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aforementioned  selection  procedures  to  purge  the  ABM  which  will  be  used  to  restore 
hematopoietic  function  after  preparative  therapy.  Using  the  retroviral  markers  to 
evaluate  each  stage  of  the  process,  the  impact  of  the  purging  will  be  determined.  The 
use  of  these  markers  to  evaluate  the  purging  process  will  save  both  time  and  patients 
because  the  only  alternative  to  studying  the  efficacy  of  purging  is  to  observe  the  clinical 
outcome  of  survival  and  remission  duration.  CLL  is  a unique  feature  of  this  protocol. 
CLL  represents  a disease  in  which  both  the  peripheral  blood  and  the  bone  marrow  are 
contaminated  with  abnormal  cells.  One  patient  eligibility  requirement  of  this  protocol  is 
that  a patient  diagnosed  with  CLL  must  have  an  expected  survival  of  two  years  without 
nonconventional  therapy. 

Two  events  make  initiation  of  this  protocol  possible.  First,  the  chemotherapeutic 
regimens  have  been  developed  that  can  reduce  the  number  of  leukemia  cells  in  the 
patient  to  a level  that  permits  further  purging  of  the  marrow  to  render  it  sufficiently  free 
of  disease  for  use  in  the  autologous  setting.  Transplantation  alone  cures  40%  of  CLL 
patients  in  the  allogeneic  setting.  However,  only  a small  percentage  of  patients  are 
eligible  for  allogeneic  transplantation  because  of  age  and  donor  availability.  This 
protocol  is  designed  to  provide  an  alternative  therapy  option  to  those  patients  who  are 
not  eligible  to  receive  allogeneic  therapy.  The  second  event  that  makes  initiation  of  this 
protocol  possible  is  that  methods  now  exist  for  selecting  and  purging  the  cell  population, 
namely  CD34(+)  selection  of  normal  cells  using  the  Cell  Pro®  column,  and  CD19(-) 
selection  which  removes  abnormal  cells.  The  two  retroviruses,  LNL6  and  GINa,  will  be 
used  to  mark  these  selected  populations  independently. 

Conventional  dose  chemotherapy  will  be  used  to  irradiate  patients  of  bulk  systemic 
disease  and  to  induce  remission.  ABM  and  peripheral  blood  cells  will  be  stored, 
fractionated,  and  transduced  with  the  retroviral  vectors.  Systemic  therapy  will  be 
administered,  and  the  patients  will  be  transplanted  with  the  selected,  transduced  cells. 

Dr.  Deisseroth  presented  data  in  which  ABM  cells  were  harvested  from  CLL  patients 
after  induction  of  remission  by  fludurabine  and  transduced.  These  ABM  cells  were 
transduced  at  a frequency  of  approximately  1-3%.  The  question  of  whether  or  not  CLL 
cells  are  marked  is  not  answered  in  this  setting.  In  order  to  demonstrate  CLL  marking, 
ABM  cells  were  harvested  from  patients  who  were  not  in  remission;  therefore,  leukemic 
cells  were  predominant.  Normal  transduced  cells  were  mixed  with  the  transduced  CLL 
cells  at  a 1:1  ratio.  This  mixture  of  transduced  cells  was  then  sorted  by  Fluorescence 
Activated  Cell  Sorting  (FACS)  into  two  populations,  normal  myeloid  and 
CD34(  + )/CD19(-),  and  then  grown  in  a culture  system  that  selectively  promotes  growth 
of  these  cells.  RNA  was  extracted  and  reverse  transcriptase  and  sequence  amplification 
was  performed  for  detection  of  the  neoR  gene.  In  four  out  of  five  patients,  marked 
neoplastic  cells  were  detected  by  PCR.  Dr.  Parkman  asked  how  many  cells  were  used 
for  the  PCR  assay.  Dr.  Deisseroth  answered  that  between  103  and  104  cells  were  used. 


Recombinant  DNA  Research,  Volume  16 


[261] 


Recombinant  DNA  Advisory  Committee  - 09/14-15/92 

Dr.  Parkman  noted  that  the  real  question  of  interest  is  the  transduction  efficiency. 

Marker  genes  are  readily  detected  in  neoplastic  cells  by  PCR  when  the  starting 
population  is  50%.  What  results  are  obtained  when  a patient  is  in  remission  where  the 
frequency  of  neoplastic  cells  could  be  2-3  logs  lower?  Will  the  neoR  be  detectable?  Dr. 
Deisseroth  explained  that  the  goal  of  the  protocol  is  to  assess  the  presence  or  absence  of 
the  markers  at  the  time  of  relapse.  At  relapse,  the  ratio  of  normal  to  leukemic  cells  will 
be  1:1.  Dr.  Parkman  stated  that  since  most  CLL  cells  are  not  cycled,  the  transduction 
efficiency  could  be  1 in  1,000  cells.  The  probability  of  transduction  could  be  1-2  logs  less 
than  predicted.  Dr.  Deisseroth  said  that  CLL  is  a disease  in  which  cells  accumulate 
rather  than  result  from  a highly  proliferative  population.  However,  there  is  a low 
frequency  of  CLL  cells  which  are  proliferating.  At  the  time  that  the  CLL  population  will 
be  transduced  with  the  vector,  the  culture  conditions  will  promote  proliferation  in  this 
small  fraction  of  cells.  It  is  this  population  of  proliferating  cells  which  contribute  to 
relapse. 

Dr.  Parkman  inquired  about  the  incubation  conditions.  Dr.  Deisseroth  explained  that 
the  cells  will  be  transduced  in  Dexter  culture  without  hydrocortisone  on  stromal 
monolayers.  Basically,  the  Whitlock-Witte  culture  system.  The  ABM  cells  are  incubated 
on  stromal  monolayers  that  have  been  irradiated  with  and  without  hydrocortisone. 
Hydrocortisone  promotes  the  growth  of  myeloid  cells  while  the  absence  of 
hydrocortisone  promotes  lymphoid  cell  growth.  The  retroviral  vector  will  be  added  to 
the  cells  at  a ratio  of  10  infectious  particles  per  cell  for  72  hours. 

Dr.  Deisseroth  explained  that  both  FACS  analysis  and  fluorescent  in  situ  hybridization 
(FISH)  will  be  used  to  distinguish  abnormal  cells  from  normal  cells.  FISH  analysis 
requires  the  use  of  a DNA  probe  that  is  specific  for  chromosome  12.  The  presence  of 
differentiation  antigens  allows  for  the  selection  of  abnormal  cells  by  FACS  and  analysis 
of  the  marker  gene  by  FISH  and  PCR. 

Dr.  Deisseroth  explained  the  cell  fractionation  process.  The  positive  selection  of  normal 
cells  is  accomplished  by  incubation  with  the  CD34  monoclonal  antibody  conjugated  to 
biotin  and  passage  through  an  avidin  column.  The  biotin  binds  to  avidin  and  the 
CD34(  + ) cells  remain  in  the  column.  This  process  enriches  for  early  progenitor  cells  by 
two  logs,  and  there  is  a three  log  reduction  in  neoplastic  cells  because  neoplastic  cells  do 
not  possess  the  CD34  antigen.  The  negative  selection  procedure  eliminates  CD19(-) 
leukemic  cells.  Magnetic  beads  conjugated  to  CD19(-)  are  incubated  with  the  enriched 
CD34(  + ) cell  population  at  4°C  resulting  in  a two  log  reduction  in  the  abnormal  cell 
population.  Therefore,  the  overall  enrichment  frequency  of  the  normal  cells  is  two  logs, 
and  the  depletion  of  abnormal  cells  is  five  logs. 

Dr.  D.  Miller  asked  if  CD  19  binds  CLL  progenitor  cells.  Dr.  Deisseroth  explained  that 
the  progenitor  for  CLL  has  never  been  isolated.  Dr.  D.  Miller  asked  if  a colony  forming 
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assay  exists  to  detect  CLL  progenitors.  Dr.  Deisseroth  said  that  he  was  unaware  of  such 
an  assay.  Dr.  D.  Miller  expressed  concern  about  the  frequency  of  gene  marking.  If  the 
frequency  is  0.1%,  then  the  analysis  will  be  difficult.  Is  there  no  method  of  measuring 
the  frequency  of  marking?  Dr.  Deisseroth  responded  that  since  there  is  no  technique  for 
growing  these  progenitors,  no  estimate  of  the  marking  percentage  can  be  provided.  Dr. 
D.  Miller  inquired  if  PCR  analysis  of  DNA  rather  than  RNA  would  provide  data 
regarding  the  frequency  of  transduction.  Dr.  Deisseroth  said  that  RNA  quantitation  was 
chosen  for  PCR  analysis  because  the  sensitivity  of  the  assay  would  be  increased  and  the 
DNA  could  be  analyzed.  Dr.  D.  Miller  noted  that  RNA  is  extremely  difficult  to 
quantitate,  and  it  is  difficult  to  estimate  the  number  of  cells. 

In  response  to  Ms.  Meyers  concerns,  Dr.  Deisseroth  stated  a large  number  of  bone 
marrow  marking  protocols  are  necessary  because  each  type  of  leukemia  if  different,  both 
in  terms  of  biology  and  the  questions  that  are  addressed  in  each  of  the  protocols.  CML 
is  a disease  which  results  in  cells  that  have  unique  cell  surface  changes,  and  these  cells 
repopulate  both  the  peripheral  blood  and  bone  marrow.  There  is  no  method  for 
separating  CML  cell  populations  by  differentiation  antigens  as  is  the  case  with  CLL. 
Another  reason  to  initiate  a variety  of  bone  marrow  marking  protocols  is  that  patients 
who  are  eligible  for  bone  marrow  transplantation  demonstrate  a 10  to  30%  mortality  rate 
depending  on  whether  they  receive  autologous  or  allogeneic  transplantation.  The 
application  of  gene  marking  to  this  protocol  provides  the  opportunity  to  improve  on 
these  transplantation  therapies.  Most  importantly,  the  study  of  hematopoietic 
reconstitution  coupled  with  in  vitro  fractionation  of  marrow  and  retroviral  marking 
provides  important  information  that  will  lead  to  the  initiation  of  therapy  not  only  for 
hematopoietic  neoplasms,  but  also  for  solid  tumors  and  other  human  disease.  Therefore, 
the  information  obtained  from  these  marking  protocols  not  only  addresses  the  clinical 
problems  associated  with  specific  types  of  leukemia,  but  provides  essential  information 
regarding  the  use  of  bone  marrow  cells  as  a conduit  through  which  to  introduce 
therapeutic  molecules  into  the  systemic  circulation. 

The  importance  of  focusing  on  gene  transfer  in  leukemia  and  cancer  before  other 
diseases  is  that  cancer  provides  the  clinical  setting  for  solving  the  technical  aspects  of 
vector  modification  of  somatic  cells.  Investigators  can  learn  how  to  isolate  early 
progenitor  cells  from  marrow,  monitor  gene  marking,  obtain  data  that  will  yield 
immediate  therapeutic  implications  relevant  to  the  immediate  disease,  as  well  as  prepare 
the  foundation  for  procedures  that  will  be  necessary  to  provide  molecules  to  the  systemic 
circulation  that  can  provide  therapeutic  benefit  to  patients  with  genetic  diseases.  These 
protocols  set  the  stage  for  gene  therapy  of  genetic  diseases. 

Dr.  Haselkorn  inquired  about  the  status  of  Dr.  Deisseroth's  previously  approved 
protocols.  Dr.  Deisseroth  said  that  the  first  approved  protocol  designed  to  establish  the 
origin  of  relapse  in  CML  has  been  initiated.  Two  patients  have  been  transplanted  with 
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gene  marked  marrow  cells  and  have  recovered  from  hematopoietic  reconstitution  with 
CD34(  + ) cells.  Gene  marking  data  is  currently  being  collected.  Dr.  Haselkom  asked  if 
any  of  the  other  investigators  with  approved  gene  marking  protocols  have  observed 
patient  relapse.  Dr.  Deisseroth  said  that  other  investigators  have  reported  relapse.  Dr. 
Haselkom  asked  if  purging  is  introduced  as  a part  of  the  CLL  protocol,  there  must  be  a 
sense  that  relapse  is  due  to  the  transducing  cells.  Dr.  Deisseroth  stated  that  data 
obtained  from  Dr.  Brenner's  protocols  for  AML  indicate  that  at  the  time  of  relapse, 
patients  exhibited  gene  marked  leukemic  cells  suggesting  that  cells  present  in  the  marrow 
contribute  to  the  evolution  of  relapse  in  AML.  Dr.  Deisseroth  asked  Dr.  Brenner  to 
confirm  these  results. 

Dr.  Brenner  said  that  a total  of  13  patients  have  entered  the  gene  marking  protocols  at 
St.  Jude  Children's  Hospital  in  Memphis,  Tennessee,  seven  with  neuroblastoma  and  six 
with  AML.  Two  AML  patients  and  no  neuroblastoma  patients  have  relapsed.  One 
relapsed  AML  patient  had  no  distinctive  leukemic  markers,  but  there  were  large 
numbers  of  blasts  which  produced  malignant  appearing  colonies  that  were  marked  with 
the  neoR  gene.  The  second  relapsed  patient  had  two  distinctively  leukemic  clone 
markers  CD56  and  CD34,  and  a distinctive  translocation.  The  translocation  produces  a 
unique  leukemic  transcript.  This  cell  population  was  purified  on  its  phenotypic  basis, 
cultured,  and  colonies  selected.  The  resulting  colonies  contained  both  the  leukemic 
transcript  and  the  neoR  gene.  Therefore,  for  the  first  AML  patients  remission  has 
demonstrated  that  the  reinfused  marrow  contributes  to  relapse.  The  effect  of  purging 
and  frequency  are  still  unknown  at  this  time. 

Dr.  Leventhal  asked  for  clarification  regarding  the  first  relapsed  AML  patient.  Dr. 
Brenner  explained  that  the  first  patient  had  CD34(  + ) blasts  in  their  circulation  at  the 
time  of  relapse  that  were  separated  by  FACS  and  grown  up  to  colonies.  Two  percent  of 
the  blast  colonies  expressed  the  neoR  gene.  It  is  unlikely  that  these  are  normal 
progenitor  cells  contaminating  the  population.  Dr.  Deisseroth  noted  that  Dr.  Brenner's 
results  were  obtained  without  any  additional  fractionation  procedures.  The  CLL 
protocol  includes  two  steps  to  remove  the  abnormal  leukemic  cells. 

Dr.  Parkman  said  that  the  title  of  the  protocol  indicates  that  peripheral  blood  cells  will 
be  transduced  and  administered  to  the  patient;  however,  it  is  not  discussed  in  the 
protocol.  Dr.  Deisseroth  concurred  that  peripheral  blood  would  not  be  included  in  this 
protocol.  Dr.  Deisseroth  clarified  the  fractionation  and  labelling  procedure  as  requested 
by  Dr.  Parkman.  Ninety  percent  of  the  ABM  cells  will  be  fractionated  over  the  CD34 
column.  This  CD34  enriched  population  of  cells  will  then  undergo  CD  19  negative 
selection.  This  double  fractionated  population  of  cells  will  be  transduced  with  GINa. 

The  remaining  10%  of  unfractionated  cells  will  undergo  CD19(-)  selection  only  prior  to 
transduction  with  LNL6.  If  lymphoid  cells  contain  both  markers  at  the  time  of  relapse, 
then  CD34(  + ) fractionation  is  of  no  benefit  in  the  selection  process. 
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Dr.  Parkman  asked  if  there  are  any  specific  losses  that  resulted  from  the  double 
depletion  process.  Dr.  Deisseroth  explained  that  the  percentage  loss  of  myeloid  cells  is 
between  20  and  50%  during  the  second  selection  step.  Are  the  depleted  cells  early 
progenitor  cells  being  lost  or  an  excess  of  nonreconstituting  cells?  The  double 
selection/double  marking  protocol  was  designed  to  answer  this  question. 

Mr.  Capron  noted  that  the  suggested  language  offered  by  Ms.  Meyers  regarding  patient 
autopsy  does  not  appear  in  the  revised  informed  consent  document.  Dr.  Deisseroth 
agreed  that  Ms.  Meyers'  suggested  language  would  appear  in  the  final  version  of  the 
document. 

Dr.  Secundy  said  that  the  written  protocol  varies  considerably  from  the  protocol  that  has 
been  verbally  presented  to  the  RAC.  Will  a vote  for  approval  endorse  the  written  or 
verbal  proposal?  The  written  protocol  would  be  revised  to  reflect  the  changes  that  the 
investigators  have  presented  orally.  Dr.  Murray  stated  that  such  a decision  would  have 
to  be  approved  by  the  RAC.  Dr.  Parkman  asked  Dr.  Deisseroth  if  the  written  protocol 
accurately  reflects  the  procedures.  Dr.  Deisseroth  said  that  the  strategies  that  were 
presented  orally  accurately  reflect  the  design  of  the  protocol.  Dr.  Parkman  suggested 
that  the  CD  19  depletion  procedure  should  be  incorporated  into  a revised  protocol.  Dr. 
D.  Miller  added  that  approval  of  the  protocol  should  be  contingent  on  review  and 
approval  of  the  revised  protocol  by  primary  reviewers  to  ensure  that  questions  presented 
have  been  answered  satisfactorily. 

Dr.  Krogstad  asked  what  fraction  of  patient  relapses  are  likely  to  be  interpretable  in 
terms  of  their  source.  Dr.  Deisseroth  answered  that  the  number  of  marked  cells  in  the 
lymphoid  population  in  each  category  at  the  time  of  relapse  is  approximately  500  cells. 

If  the  marking  frequency  is  1%,  the  probability  of  the  test  failing  to  detect  a relapse  is 
probably  between  .004  and  4%.  The  probability  of  not  detecting  a marked  relapse  is  low 
combined  with  projected  number  of  patients;  the  probability  of  all  ten  patients  not 
providing  an  interpretable  answer  is  extremely  low.  Dr.  D.  Miller  asked  if  this 
hypothesis  is  based  on  the  assumption  that  all  500  cells  will  grow.  What  if  the  relapse  is 
clonal?  Dr.  Deisseroth  stated  that  relapse  is  not  likely  to  be  clonal.  Patients  will  have 
to  be  screened  and  selected  to  include  those  with  relatively  poor  prognoses,  because  this 
patient  population  yields  a higher  labelling  frequency. 

Committee  Motion 

A motion  was  made  by  Dr.  Parkman  and  seconded  by  Dr.  Secundy  to  approve  the 
protocol  contingent  on  the  following  stipulations:  (1)  submission  of  a revised  outline  of 
the  cell  selection  and  gene  marking  procedures  for  review  and  approval  by  Drs. 

Bourquin,  Geiduschek,  Parkman,  and  Walters  and  Ms.  Buc;  and  (2)  the  informed 
consent  document  will  be  revised  to  reflect  minor  language  modifications.  Dr.  Murray 
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called  for  a vote.  The  motion  passed  by  a vote  of  17  in  favor,  0 opposed,  and  4 
abstentions. 

Discussion 

Ms.  Buc  addressed  the  issue  of  RAC  review  and  approval  of  multiple  versions  of  similar 
protocols.  It  is  not  undesirable  to  repeat  the  early  stages  of  experiments  in  which  the 
outcome  will  answer  a scientifically  important  question.  Dr.  Parkman  noted  that  in  the 
case  of  the  various  leukemia  studies,  numerous  protocols  are  necessary  to  answer  the 
important  issues.  Data  cannot  be  extrapolated  from  one  disease  to  another.  Dr. 
Deisseroth  added  that  scientific  method,  especially  in  the  clinical  setting,  depends  on  the 
reproducibility  of  any  finding.  There  is  a need  to  proceed,  not  in  a sequential  fashion 
with  one  investigator  addressing  one  item,  but  for  multiple  investigators  to  address 
important  questions  in  parallel  that  resolve  current  scientific  dilemmas.  It  is  important 
that  each  protocol  should  be  viewed  as  a new  step  in  the  evolving  field  of  gene  therapy. 

X.  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING  A HUMAN 
GENE  TRANSFER  PROTOCOL  ENTITLED:  CLINICAL  PROTOCOL  FOR 
MODIFICATION  OF  ONCOGENE  AND  TUMOR  SUPPRESSOR  GENE  EXPRESSION 
IN  NON-SMALL  CELL  LUNG  CANCER  (NSCLC) /DR.  ROTH 

Review-Dr.  D.  Miller 

Dr.  Murray  called  on  Dr.  D.  Miller  to  present  his  primary  review  of  the  protocol 
submitted  by  Dr.  Jack  Roth  of  MD  Anderson  Cancer  Center,  University  of  Texas, 
Houston,  Texas.  Dr.  D.  Miller  presented  an  overview  of  this  protocol  designed  to 
reverse  the  transformation  of  cancer  cells  by  introduction  of  the  tumor  suppressor  gene, 
p53,  and  the  antisense  Kirsten-ras  (K-ras)  gene  to  inhibit  transformation.  Dr.  Roth  has 
presented  data  demonstrating  that  cells  that  have  reverted  back  to  a normal  phenotype 
exhibit  a bystander  effect  that  converts  other  cancer  cells  to  a more  normal  state. 

Dr.  D.  Miller  had  concerns  regarding  the  proposed  retroviral  vectors.  These  vectors  are 
basically  derived  from  the  standard  LNSX  vector  which  contains  a long  terminal  repeat 
(LTR)  driving  the  neoR  gene  plus  an  SV40  promoter  for  the  expression  of  the  second 
gene.  The  K-ras  vector  contains  a (J-actin  promoter  with  the  K-ras  gene  in  reverse 
orientation.  Therefore,  (J-actin  would  drive  K-ras  in  a counter  clockwise  direction.  An 
SV40  early  promoter  drives  the  K-ras  in  the  positive  direction  which  could  result  in  K-ras 
protein.  An  LTR  in  the  5'  end  drives  neoR  that  could  make  an  antisense  message  to  the 
K-ras  antisense  message;  therefore,  creating  a sense  message.  There  is  the  potential  for 
hybridization  of  these  various  messages  and  the  vector.  In  addition,  the  K-ras  could 
mutate  to  an  oncogene.  The  mutation  rate  of  retroviruses  is  probably  in  the  order  of  1 
in  104  base  pairs  per  generation.  The  issue  of  whether  K-ras  is  capable  of  mutating  to 


[266] 


Recombinant  DNA  Research,  Volume  16 


Recombinant  DNA  Advisory  Committee  - 09/14-15/92 


form  an  oncogenic  virus  is  critical.  The  investigators  can  perform  assays  that  would 
determine  the  oncogenic  potential  of  these  vectors.  If  no  transformation  is  observed 
using  108  particles,  the  vector  is  relatively  safe.  The  p53  vector  contains  the  p-actin 
promoter  in  reverse  orientation  that  drives  p53.  He  questioned  if  p53  could  acquire 
mutations  that  make  it  an  oncogene,  and  what  would  be  the  frequency  of  such  an  event. 

Regarding  the  bystander  effect,  Dr.  D.  Miller  stated  that  the  data  demonstrates  that 
there  is  a bystander  effect  capable  of  reverting  cancer  cells  to  normal  morphology  is  not 
compelling.  Data  suggests  that  there  is  growth  with  all  of  the  mixtures  of  cell  types  at 
seven  days.  The  data  would  be  more  convincing  if  these  cultures  were  extended  over  a 
longer  period  of  time. 

Review-Dr.  Hirano 

Dr.  Hirano  stated  that  she  had  two  major  concerns  with  this  protocol.  Patients  will  have 
their  lung  tumor  cells  transduced  by  the  direct  in  vivo  injection  of  retroviral  vectors  into 
the  tumors.  Preliminary  data  suggests  that  a transduction  efficiency  of  50  to  70%  will  be 
necessary  to  obtain  an  antitumor  effect.  The  protocol  specifies  that  this  level  of 
transduction  will  be  accomplished  by  direct  injection  of  106  CFUs  into  the  patient  daily 
for  five  consecutive  days.  The  treatment  will  be  repeated  monthly  provided  there  is  no 
evidence  of  disease  progression.  Since  this  vector  will  be  injected  directly  into  a patient 
for  the  first  time,  the  RAC  should  determine  whether  the  preclinical  data  addresses  the 
issues  of  toxic  or  adverse  side  effects. 

The  investigators  used  the  LNSX  vector  for  the  preliminary  experiments,  but  their 
packaging  cell  line  was  different  from  the  one  that  they  are  proposing  to  use,  PA317. 
Have  any  experiments  been  performed  to  demonstrate  that  high  titer  vector  can  be 
produced  from  PA317?  Who  will  produce  the  vector  supernatants? 

There  is  in  vitro  data  with  the  antisense  K-ras  which  suggests  that  the  transduction 
efficiency  can  be  increased  as  a function  of  the  number  of  cycles  of  transduction.  Is 
there  analogous  data  for  the  p53  vector?  In  the  investigator's  response  it  was  stated  that 
PCR  will  be  used  to  determine  transduction  efficiencies  in  vivo.  Is  there  transduction 
efficiency  data  in  the  murine  model  where  animals  have  been  injected  with  the  human 
cell  line,  HL60,  and  subsequently  challenged  with  vector  supernatant? 

Review-Mr.  Capron 

Mr.  Capron  asked  if  there  will  be  some  degree  of  risk  imposed  on  other  persons  exposed 
to  the  patient,  i.e.,  hospital  personnel  and  family  members.  The  investigators  indicate 
that  there  will  be  a 48-hour  period  that  the  patient  may  be  capable  of  shedding  virus. 

Are  the  precautions  that  will  be  taken  adequate  and  is  there  a possibility  that  this  virus 
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might  be  transferred  as  an  aerosol? 

What  is  the  relationship  between  the  patient  selection  process  and  the  informed  consent 
process?  Should  the  informed  consent  document  be  separated  into  two  sections,  one  for 
the  initial  tumor  screening  process,  and  one  for  the  protocol? 

Other  Comments 

Dr.  Parkman  noted  that  patients  develop  antibody  responses  to  foreign  proteins.  While 
this  response  will  not  be  a concern  for  the  initial  injections,  there  is  the  possibility  that 
inflammatory  responses  will  occur  from  the  monthly  injections  due  to  the  production  of 
antibodies  to  foreign  antigens.  Since  most  of  these  patients  will  already  have  some 
degree  of  tracheal  obstruction,  what  could  be  the  potential  effect  of  an  inflammatory 
response  in  these  patients?  Will  patients  be  monitored  for  the  presence  of  circulating 
antibodies  to  these  antigens?  Will  fetal  calf  serum  be  used  which  could  stimulate  an 
immune  response? 

Dr.  Leventhal  asked  Dr.  Roth  to  address  why  he  chose  to  use  a viral  construct  instead  of 
direct  injection  of  the  antisense  oligonucleotide.  Dr.  Post  asked  if  the  investigators  had 
performed  antisense  experiments  to  determine  if  the  observed  effects  are  the  result  of  a 
less  specific  nonproliferative  effect. 

Presentation-Dr.  Roth 

Dr.  Roth  explained  that  this  protocol  is  designed  to  treat  NSCLC  patients  who  are 
refractory  to  conventional  surgery,  radiation  therapy,  and  chemotherapy  and  exhibit 
significant  obstruction  of  their  airway  by  tumor,  such  that  it  is  a life  threatening  process. 
Using  topical  anesthetic,  the  bulk  tumor  will  be  removed  by  endoscopy  and  laser 
techniques.  Following  tumor  resection,  the  residual  microscopic  tumor  cell  bed  will  be 
injected  with  retroviral  vector  supernatants  directed  against  specific  genetic  abnormalities 
within  the  tumor  cells.  Data  suggests  that  these  vectors  are  capable  of  reversing  the 
effect  of  the  dominant  oncogene  (K-ras)  and  promoting  the  effect  of  the  tumor 
suppressor  genes  (p53). 

Dr.  Roth  discussed  the  proposed  K-ras  antisense  mechanism.  The  dominant  oncogene 
family  is  activated  primarily  by  point  mutations,  amplifications,  or  chromosomal 
rearrangement.  In  the  case  of  K-ras,  there  is  a specific  base  mutation  which  allows  a 
single  allele  of  that  gene  to  become  transformed  and  produce  a hyperactive  protein.  The 
K-ras  antisense  construct  is  specifically  designed  to  reduce  the  concentration  of  the 
hyperactive  K-ras  protein  and  reverse  some  of  the  features  of  the  transformed 
phenotype.  A retroviral  construct  will  be  used  as  opposed  to  an  antisense 
oligonucleotide  because  higher  levels  of  long-term  expression  can  be  achieved.  Data 
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demonstrates  that  these  retroviral  constructs  are  capable  of  effecting  long-term 
expression  out  to  six  months,  whereas  oligonucleotides  are  subject  to  degradative 
processes  with  extremely  high  concentrations  and  frequent  infusions  required. 

Dr.  Roth  presented  in  vivo  murine  data  demonstrating  that  introduction  of  the  normal 
p53  gene  into  cells  that  have  a mutant  p53  gene  reverses  the  critical  features  of  the 
malignant  phenotype.  Data  was  presented  which  was  derived  from  experiments  with 
immunosuppressed  nude  mice.  When  human  lung  cancer  cells  were  injected  into  these 
mice,  extensive  local  growth  of  the  tumor  occurred.  However,  when  mice  with  three  day 
established  tumors  were  treated  with  three  intratracheal  injections  of  the  retroviral 
supernatant,  tumor  burdens  were  significantly  reduced.  This  very  closely  replicates  the 
proposed  clinical  protocol.  Data  was  presented  demonstrating  that  injection  of  in  vitro 
transduced  cells  greatly  reduced  the  size  of  the  tumor  burden  in  mice;  however,  this  data 
is  not  directly  applicable  to  the  proposed  in  vivo  human  experiments. 

Dr.  D.  Miller  noted  that  an  antitumor  effect  was  observed  when  mice  were  treated  with 
104  in  vitro  LNSX  transduced  cells.  What  effect  would  be  observed  if  these  animals  were 
injected  with  five  times  this  number  of  cells?  Dr.  Roth  explained  that  data  suggests  that 
104  transduced  cells  is  the  threshold  for  the  murine  experiments.  He  stated  that  104 
transduced  cells  prevents  tumors  in  approximately  50%  of  the  mice,  and  increasing  this 
number  to  105  cells  will  prevent  80  to  100%  of  the  tumors. 

In  vivo  data  was  presented  demonstrating  that  mice  receiving  the  retroviral  supernatant 
alone  exhibited  a significant  reduction  in  tumor  development;  and  in  the  few  animals 
that  did  develop  tumor,  the  volume  of  tumor  was  small  in  comparison  to  control  mice. 
Microscopic  examination  of  mice  that  did  not  develop  tumors  indicated  no  evidence  of 
cancer  cells. 

Dr.  Roth  addressed  the  issue  of  the  effect  of  the  transduced  cells  on  the  nontransduced 
cells  known  as  the  bystander  effect.  Based  on  transduction  efficiency  data  one  would 
expect  30  to  50%  reduction  in  the  growth  of  unselected  tumor  cells  transduced  with 
LNSX/p53.  However,  an  80  to  90%  reduction  in  growth  was  observed  suggesting  that 
the  transduced  tumor  cells  may  have  an  effect  on  untransduced  tumor  cells.  This 
observation  led  to  more  controlled  mixing  experiments  in  which  50%  transduced  cells, 
either  p53  or  K-ras,  were  mixed  with  nontransduced  cells.  Data  demonstrates  that  this 
mixed  population  of  cells  exhibit  a growth  pattern  identical  to  a population  of  cells  that 
have  been  transduced  and  selected  in  G418. 

Dr.  Roth  hypothesized  that  the  transduced  cells  could  possibly  be  releasing  a factor  that 
affects  the  nontransduced  population.  Evidence  for  this  hypothesis  is  derived  from  the 
supernatant  experiments  in  which  untransduced  cells  were  mixed  with  culture 
supernatant  of  p53  transduced  cells.  A 50%  reduction  in  growth  was  observed  with  the 
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addition  of  the  culture  supernatant.  Culture  supernatant  from  LNSX  transduced  cells 
had  no  effect  on  the  growth  on  nontransduced  cells.  Additional  evidence  of  the 
bystander  effect  is  seen  in  the  morphologic  changes  observed  in  nontransduced  tumor 
cells.  Untransduced  tumor  cells  grow  in  a three-dimensional  configuration,  not  in 
monolayers  as  is  observed  with  normal  cells.  However,  when  untransduced  tumor  cells 
are  cultured  with  the  p53  retroviral  vector  supernatant,  morphological  events  occur 
similar  to  those  of  programmed  cell  death  and  apoptosis,  i.e.,  formation  of  blebs  or 
vacuoles.  This  observation  is  in  contrast  to  the  appearance  of  cells  that  normally  express 
p53.  The  extreme  morphological  changes  observed  when  cells  are  transduced  with  p53 
may  correlate  with  the  release  of  factors  into  the  supernatant. 

Dr.  Roth  responded  to  Dr.  D.  Miller's  question  regarding  the  stability  of  the  viruses  and 
potential  for  oncogenic  transformation.  Both  the  H358a  and  H460a  cell  lines  have  been 
maintained  in  culture  for  as  long  as  six  months  that  have  been  transduced  with  both  the 
p53  wild-type  and  the  antisense  K-ras  genes,  and  these  genes  have  been  continuously 
expressed  with  no  evidence  of  oncogenic  transformation.  Dr.  D.  Miller  stated  that  if 
these  cells  contained  a mutant  p53  gene,  the  mutation  would  not  be  detected.  The  usual 
assay  for  transforming  virus  within  a preparation  is  to  perform  an  assay  on  a monolayer 
cell  line.  Dr.  Roth  said  that  these  experiments  had  been  performed  and  that  no  focus 
formation  has  been  observed  when  one  milliliter  of  supernatant  containing  107  CFUs 
were  cultured  with  NIH  3T3  cells  for  three  weeks.  The  same  results  were  observed  for 
both  vectors.  Dr.  D.  Miller  asked  if  the  wild-type  K-ras  virus  was  used  as  a positive 
control  for  these  experiments.  Dr.  Roth  said  that  this  control  was  not  included. 

Dr.  Roth  responded  to  questions  regarding  transduction  efficiencies.  The  packaging  cell 
line  currently  being  used  produces  viral  titers  of  greater  that  106  CFUs,  without  the 
addition  of  co-cultivation  techniques.  Semi-quantitative  PCR  demonstrates  between  30 
and  50%  transduction.  The  protocol  specifically  states  that  patients  will  not  be  treated 
unless  this  level  of  virus  production  is  obtained.  GTI  will  be  producing  the  retroviral 
supernatant  and  performing  the  necessary  quality  control  measures.  MD  Anderson's 
IRB  has  already  approved  the  LNSX  vector  for  use  in  the  clinical  trial;  therefore,  LNSX 
will  be  the  initial  vector.  In  the  event  that  a superior  vector  is  identified,  a request  will 
be  made  to  the  RAC  for  a minor  modification  to  the  protocol. 

Regarding  possible  toxic  side  effects  of  the  protocol,  Dr.  Roth  stated  that  no  toxic  effects 
have  been  observed  in  mice  that  have  been  injected  with  retroviral  supernatant 
containing  350  times  the  number  of  viral  particles  proposed  for  the  human  protocol. 
Some  of  these  animals  have  survived  for  six  months  with  no  specific  manifestations  of 
acute  toxicity. 

Dr.  Roth  stated  that  the  MD  Anderson  IRB  has  consulted  with  Dr.  Goodrich,  an 
infectious  disease  expert.  Both  Dr.  Goodrich  and  the  IRB  have  concluded  that  the 
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precautions  outlined  in  the  protocol  are  more  than  adequate.  In  fact,  the  detailed 
precautions  are  greater  than  those  taken  for  other  infectious  diseases  such  as  tuberculosis 
or  HIV.  Normal  tissue,  germ  cells,  peripheral  blood  lymphocytes,  and  bronchial  mucosa 
will  be  assayed  for  neoR. 

Patients  requiring  an  additional  biopsy  beyond  the  one  that  is  routinely  required  prior  to 
the  protocol  will  provide  informed  consent  prior  to  entering  the  protocol  and  prior  to 
having  the  additional  biopsies  performed.  Between  80  and  90%  of  eligible  patients  will 
have  had  previous  biopsies  that  will  be  evaluable  for  determining  whether  the  mutations 
exist.  Mr.  Capron  asked  how  many  biopsy  specimens  would  probably  have  to  be 
screened  before  identifying  14  eligible  patients.  Dr.  Roth  explained  that  the  prevalence 
of  p53  mutations  in  NCSLC  is  between  50  and  70%.  The  prevalence  of  K-ras  mutations 
is  approximately  20%.  Since  the  two  mutations  do  not  necessarily  occur  together,  it  is 
estimated  that  7 of  every  10  patients  screened  would  possess  both  mutations. 

Dr.  Leventhal  asked  what  experiments  would  be  performed  on  any  recurrent  tumor 
tissue.  Dr.  Roth  explained  that  patients  will  be  bronchoscoped  at  frequent  levels  so  the 
tumor  can  be  biopsied  at  the  time  of  recurrence.  The  tissues  will  be  examined  for 
retroviral  integration  by  semiquantitative  PCR  analysis  in  addition  to  gene  expression. 

Dr.  Leventhal  suggested  that  the  investigators  should  screen  for  new  mutations,  such  as 
p52  in  addition  to  the  original  mutations. 

Dr.  Geiduschek  stated  that  the  data  presented  with  regard  to  the  bystander  effect  did  not 
address  the  critical  issue.  The  key  experiment  that  would  confirm  this  effect  would 
determine  that  the  genotype  is  transferred  while  the  growth  curve  is  not  affected.  Cells 
were  never  removed  between  day  seven  and  nine  to  analyze  the  genotype  distribution. 

Dr.  Roth  explained  that  as  a result  of  Dr.  Hirano's  initial  review,  these  experiments  were 
initiated.  Data  suggests  that  when  a population  of  cells  is  mixed  and  then  selected  for 
neoR,  46%  of  the  cells  still  express  neo.  Therefore,  the  ratio  of  the  two  cell  types  after 
nine  days  would  be  the  same  as  it  was  at  the  beginning  of  the  experiment. 

Dr.  Geiduschek  inquired  if  the  in  vivo  experiments  in  which  mice  were  preinnoculated 
with  tumor  three  days  prior  to  treatment  accurately  reflects  the  human  situation.  Some 
of  these  NSCLC  patients  have  had  established  tumors  for  a long  period  of  time.  Dr. 
Roth  explained  that  there  is  always  the  difficulty  of  extrapolating  animal  models  to  the 
human  situations.  This  particular  murine  model  was  designed  because  is  most  closely 
resembles  the  clinical  manifestation  observed  in  humans.  The  life  span  of  mice  is  too 
short  to  approximate  the  human  condition.  However,  the  tumor  cells  injected  into  the 
mice  are  rapidly  growing  human  NSCLC  cells. 

Dr.  H.  Miller  stated  that  one  might  argue  that  at  the  time  of  bronchoscopy,  a physician 
has  an  obligation  to  resect  as  much  tumor  as  possible.  However,  if  it  is  entirely  resected, 
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the  injection  target  would  be  lost.  He  asked  Dr.  Roth  if  he  had  any  reservations  about 
not  resecting  the  entire  lesion.  Dr.  Roth  said  that  in  actuality,  the  tumor  will  be  resected 
as  much  as  possible  and  noted  that  this  standard  surgical  technique  results  in  100% 
recurrence.  It  is  impossible  to  resect  these  tumors  completely.  Dr.  H.  Miller  asked  if 
the  procedure  will  be  one  of  irrigating  the  resected  area  rather  than  actual  injection  into 
the  remaining  tumor  bed.  Dr.  Roth  stated  that  the  area  would  be  irrigated. 

Dr.  H.  Miller  asked  about  the  stopping  rule  for  progression  of  metastatic  disease.  Dr. 
Roth  responded  that  if  local  control  of  tumor  is  observer,  and  there  is  progression  of 
metastatic  disease,  the  patient  will  have  to  be  removed  from  the  protocol. 

Dr.  D.  Miller  said  that  the  vector  used  for  the  preclinical  studies  was  prepared  by  co- 
cultivation with  packaging  cells,  and  an  extremely  high  viral  titer  was  obtained.  The 
protocol  stated  that  PA317  cells  will  be  used;  this  differs  from  the  preclinical 
experiments.  If  the  new  packaging  line  produces  lower  viral  titers  as  the  investigators 
have  indicated,  will  the  in  vivo  experiments  be  repeated  using  the  new  vector?  Dr.  Roth 
said  that  the  efficacy  of  the  new  vector  will  be  monitored  to  ensure  that  similar  titers  are 
obtained.  Dr.  D.  Miller  stated  that  GTI  may  not  have  experience  with  producing  viral 
titers  of  107  CFUs  continuously.  Dr.  McGarrity  stated  that  GTI  consistently  produced 
vectors  which  produce  viral  titers  of  107  CFUs.  Dr.  D.  Miller  asked  if  the  animal 
experiments  will  be  repeated.  Dr.  Roth  said  that  some  of  the  animal  experiments  will  be 
repeated  once  the  packaging  cell  line  is  established;  however,  the  in  vitro  experiments 
correlate  very  well  with  the  animal  model  data.  It  is  reasonable  that  only  the  in  vitro 
experiments  will  have  to  be  repeated  with  the  new  packaging  cell  line. 

Dr.  D.  Miller  asked  if  normal  cells  express  the  same  genes  as  the  transduced  cells,  why 
don't  normal  cells  secrete  the  bystander  factor  and  suppress  neighboring  tumor  cells? 

Dr.  Roth  said  that  cells  lose  their  transformed  phenotype  but  they  are  not  normal,  i.e., 
they  do  not  flatten  out.  Many  investigators  are  currently  conducting  experiments  to 
biochemically  characterize  the  factor  that  produces  the  bystander  effect.  It  is  not  known 
what  the  actual  transcriptional  events  are  at  this  time. 

Dr.  Dronamraju  asked  if  any  primate  data  exists.  Dr.  Roth  said  that  it  is  not  possible  to 
develop  this  type  of  tumor  model  in  primates  or  canines  because  of  the  complexities  of 
having  to  identify  the  specific  oncogenes  involved  and  the  necessity  to  use  an 
immunosuppressed  model  if  human  tumor  cells  are  used. 

Dr.  Post  asked  if  experiments  have  been  performed  on  NSCLC  cells  that  do  not  possess 
either  the  K-ras  or  p53  mutations.  Dr.  Roth  said  that  they  have  performed  these 
experiments  on  several  cell  lines,  and  no  effect  has  been  observed  on  growth. 

Dr.  Parkman  said  that  the  investigators  have  fulfilled  the  requirement  of  providing  the 
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most  appropriate  animal  model.  Models  are  not  the  same  as  wild-type  human  disease. 

Dr.  Roth  stated  that  only  serum  free  supernatants  will  be  used  for  treatment  of  patients. 
Therefore,  an  immune  response  to  fetal  calf  serum  is  not  a concern. 

Dr.  D.  Miller  suggested  that  data  should  be  provided  demonstrating  K-ras  induced  foci 
and  this  rate  of  transformation  should  be  compared  with  the  supernatant  that  will  be 
used  for  the  clinical  protocol.  If  107  CFUs  corresponds  to  10  milliliters  of  supernatant, 
then  the  investigators  should  demonstrate  that  there  is  no  transforming  virus  in  this 
volume  or  100  milliliters.  Dr.  Post  suggested  that  mixing  experiments  should  be 
included. 

Committee  Motion 

A motion  was  made  by  Dr.  D.  Miller  and  seconded  by  Dr.  Krogstad  that  the  protocol  be 
approved  contingent  on  the  review  and  approval  of  the  following  information  by  Drs.  D. 
Miller,  Hirano,  and  Geiduschek:  (1)  submission  of  data  demonstrating  the  transforming 
potential  of  100  milliliters  of  retroviral  supernatant  analogous  to  the  preparation  that  will 
be  used  for  the  clinical  protocol,  (2)  submission  of  data  obtained  from  in  vitro  mixing 
experiments,  (3)  submission  of  in  vitro  data  demonstrating  that  the  new  vector 
preparations  have  activity,  and  (4)  incorporation  of  minor  changes  in  the  informed 
consent  document  as  noted  by  Drs.  Carmen  and  Hirano.  Dr.  Murray  called  for  a vote. 
The  motion  passed  by  a vote  of  18  in  favor,  0 opposed,  and  no  abstentions. 

XI.  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING  A HUMAN 
GENE  TRANSFER  PROTOCOL  ENTITLED:  A PHASE  II  TRIAL  OF  THE  BAXTER 
NEUROBLASTOMA  BONE  MARROW  PURGING  SYSTEM  USING  GENE  MARKING 
TO  ASSESS  EFFICACY /DRS.  BRENNER  AND  MILLS 

Review-Dr.  Haselkorn 

Dr.  Murray  called  on  Dr.  Haselkorn  to  present  his  primary  review  of  the  protocol 
submitted  by  Dr.  Malcolm  K.  Brenner  of  St.  Jude  Children's  Research  Hospital, 
Memphis,  Tennessee,  and  Dr.  Bonnie  J.  Mills  of  Baxter  Healthcare  Corporation,  Santa 
Ana,  California.  In  Mr.  Barton  and  Dr.  Brinckerhoff s absences,  Dr.  Haselkorn 
summarized  their  comments  in  addition  to  his  own  remarks.  This  Phase  II  protocol  of 
the  Baxter  neuroblastoma  bone  marrow  purging  system,  based  on  magnetic  bead 
separation  of  cell  populations  using  gene  marking  to  assess  efficacy.  This  protocol  is 
very  similar  to  the  neuroblastoma  protocol  submitted  previously  by  Dr.  Brenner.  The 
patient's  bone  marrow  is  harvested  and  separated  into  two  fractions,  purged  and 
unpurged.  The  purged  fraction  will  undergo  separation  through  the  magnetic  bead 
column.  Each  fraction  will  then  be  marked  with  distinguishable  retroviral  vectors.  At 
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the  time  of  relapse,  samples  will  be  collected  and  assayed  for  the  presence  of  the  vectors 
in  order  to  determine  the  efficacy  of  the  purging  procedure. 

All  three  of  the  primary  reviewers  noted  that  purging  is  a preferable  procedure  and  were 
concerned  about  readministering  unpurged  bone  marrow  to  these  patients.  Dr. 

Haselkom  asked  Dr.  Brenner  to  respond  to  this  issue. 

Other  Comments 

Dr.  Murray  encouraged  Dr.  Brenner  to  submit  written  documentation  as  a follow-up  to 
his  previously  approved  protocols.  Dr.  Murray  noted  that  written  data  has  not  been 
forthcoming  from  many  investigators,  and  this  information  is  critical  to  assessing  the 
progress  of  these  protocols. 

Dr.  Parkman  asked  Dr.  Brenner  to  discuss  the  standard  of  care  at  St.  Jude  for  patients 
undergoing  ABMT  for  neuroblastoma. 

Presentation-Dr.  Brenner 

Dr.  Brenner  explained  that  the  first  gene  transfer  patient  was  treated  at  St.  Jude  exactly 
one  year  ago.  Reports  have  been  written  regarding  the  two  patients  who  have  relapsed 
and  the  13  patients  who  have  been  transplanted  without  relapse.  These  written  reports 
will  be  forwarded  to  the  Office  of  Recombinant  DNA  Activities  (ORDA). 

Regarding  the  administration  of  unpurged  marrow,  Dr.  Brenner  said  that  it  is  not  known 
whether  relapse  is  caused  by  residual  disease  remaining  in  the  marrow.  Currently,  his 
laboratory  is  attempting  to  solve  this  question  with  the  AML  protocol. 

The  standard  of  care  for  neuroblastoma  autologous  transplant  patients  at  St.  Jude  is  to 
administer  marrow  that  has  not  been  purged.  No  data  exists  demonstrating  that  patient 
survival  is  increased  in  patients  receiving  purged  marrow  as  opposed  to  unpurged 
marrow.  This  situation  may  be  partially  due  to  the  fact  that  engraftment  in  these 
patients  is  somewhat  slow.  Relapse  may  be  through  a mixture  of  disease  in  the  patient 
and  residual  disease  in  the  harvested  marrow. 

Discussion 

Dr.  Parkman  inquired  about  the  specificities  of  the  monoclonal  antibodies  that  will  be 
used  in  the  purging  system.  Dr.  Mills  said  that  the  antibodies  that  were  selected  for 
targeting  neuroblastoma  cells  were  chosen  based  on  their  high  level  of  reactivity  with  a 
broad  panel  of  neuroblastoma  specimens.  Data  obtained  from  Dr.  Don  Hempstead's 
laboratory  demonstrated  that  these  antibodies  reacted  with  274  out  of  275  neuroblastoma 
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patient  specimens.  Statistical  analysis  indicates  that  98%  of  all  neuroblastoma  tumors 
will  react  with  one  of  these  antibodies.  Dr.  Parkman  asked  if  it  is  an  inclusion  criterion 
that  the  patient  must  demonstrate  reactivity  with  one  of  the  antibodies  on  the  panel.  Dr. 
Brenner  said  that  this  positive  antibody  screening  is  not  an  inclusion  criterion;  all 
neuroblastoma  patients  are  eligible  for  this  protocol. 

Dr.  Parkman  inquired  if  these  antibodies  had  an  effect  on  hematopoietic  progenitor  cells, 
specifically,  pluripotent  hematopoietic  stem  cells.  Dr.  Brenner  said  that  data  suggests 
that  these  antibodies  cause  a slight  reduction  in  the  number  of  CFUs;  however,  patients 
have  been  treated  with  these  antibodies  and  successfully  engrafted  in  less  than  43  days. 
Dr.  Parkman  asked  if  the  period  of  engraftment  is  delayed  as  compared  to  patients 
receiving  unpurged  marrow.  Dr.  Brenner  said  that  engraftment  with  unpurged  marrow 
occurs  within  the  same  timeframe;  however,  no  side-by-side  comparisons  have  ever  been 
performed. 

Dr.  Zallen  noted  that  some  patients  may  enter  this  protocol  from  Mt.  Sinai  Hospital. 

She  asked  if  the  statement  in  the  St.  Jude  informed  consent  document  regarding  non- 
negligent  physical  injury  will  be  included  in  the  informed  consent  of  Mt.  Sinai.  Dr.  Mills 
said  that  the  statement  is  applicable  to  all  patients  entered  into  this  protocol,  regardless 
of  the  institution. 

Dr.  Walters  asked  Dr.  Brenner  to  expand  on  several  issues.  How  is  the  study  funded? 
How  will  data  be  disclosed  that  emerges  from  this  protocol?  Are  there  any  restrictions 
on  the  disclosure  of  data?  Dr.  Brenner  said  that  he  is  not  aware  of  any  restrictions  on 
the  disclosure  of  data.  With  regard  to  funding,  the  antibodies  and  purging  devices  will 
be  supplied  by  Baxter.  The  cost  of  the  treatment  will  be  met  by  St.  Jude  or  third-party 
carriers  if  they  will  provide  payment.  If  third-party  carriers  do  not  reimburse  the  costs, 
then  St.  Jude  will  cover  all  costs  associated  with  the  treatment.  The  retroviral  vector 
supernatants  will  be  supplied  by  GTI. 

Committee  Motion 

A motion  was  made  by  Dr.  Haselkom  and  seconded  by  Dr.  Krogstad  to  approve  the 
protocol.  Dr.  Murray  called  for  a vote.  The  motion  passed  by  a vote  of  19  in  favor,  0 
opposed,  and  no  abstentions. 

XII.  OTHER  COMMITTEE  MATTERS 

Dr.  Murray  stated  that  Dr.  Anderson  has  indicated  his  intention  to  submit  a report  that 
will  be  included  as  an  agenda  item  for  the  December  RAC  meeting.  The  report  will 
detail  the  safety  issues  surrounding  retroviral  supernatant  testing. 
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Dr.  Parkman  suggested  an  additional  agenda  item  should  be  included  for  the  next  RAC 
meeting;  namely,  the  issue  of  separation  of  the  therapeutic  and  gene  marking  informed 
consent  documents. 

Ms.  Buc  requested  that  the  issue  of  data  reporting  and  how  to  enforce  compliance 
should  be  added  to  the  next  RAC  agenda.  Mr.  Capron  asked  if  the  concerns  that 
investigators  have  regarding  the  release  of  data  and  possible  threat  to  publication  in  a 
peer  reviewed  journal  is  a legitimate  concern.  Dr.  Anderson  said  that  this  issue  is  not 
bogus.  Although  in  principle  Science  and  the  New  England  Journal  of  Medicine  have 
agreed,  that  the  presentation  of  data  at  an  open  forum  such  as  the  RAC  will  not 
interfere  with  subsequent  publication  of  data  in  these  journals,  the  reality  is  that 
reviewers  evaluate  data  and  assign  priority  based  on  the  importance  of  the  paper.  In 
certain  instances,  a journal  could  put  a hold  on  the  publication  of  this  information.  Dr. 
Krogstad  said  that  this  situation  is  one  of  those  unusual  circumstances  in  which  the  RAC 
has  a monopoly.  If  the  RAC  decides  that  it  requires  pertinent  data  to  make  intelligent 
decisions  regarding  the  approval  of  future  protocols,  then  the  committee  members  must 
maintain  their  position  regarding  the  procurement  of  data. 

Dr.  Murray  read  a letter,  dated  June  11,  1992,  that  was  forwarded  to  all  investigators 
who  have  received  approval  to  initiate  human  gene  transfer/therapy  trials.  The  letter 
requested  that  meeting  abstracts,  IRB  annual  reports,  reports  of  adverse  effects,  FDA 
annual  reports,  and  published  scientific  papers  should  be  forwarded  to  ORDA.  The 
response  has  been  minimal.  Dr.  Secundy  asked  if  this  request  could  become  a 
requirement.  Ms.  Buc  noted  that  the  list  of  requirements  was  compiled  with  much 
forethought;  and  that  every  listed  document  is  one  that  has  to  be  created  for  other 
purposes,  not  solely  for  the  RAC.  The  committee  has  tried  to  make  compliance  as  easy 
as  possible  for  investigators. 

Ms.  Buc  said  that  data  reporting  is  critical  because  it  will  lead  the  RAC  in  two 
directions.  First,  it  helps  to  enforce  the  requirements  that  the  RAC  has  already 
established.  Second,  the  RAC  may  begin  to  categorize  certain  types  of  experiments 
based  on  proven  standards  of  safety.  Eventually,  experiments  labelled  as  safe  could 
qualify  for  a streamlined  review  process.  The  RAC  cannot  make  these  decisions  without 
solid  data. 

Dr.  Anderson  stated  that  there  are  basically  two  types  of  data:  safety  and  efficacy. 

Safety  data  is  immediately  available  to  everyone.  Fortunately,  there  have  been  no  side 
effects  from  any  gene  therapy  protocol  in  the  world.  With  regard  to  side  effects,  the 
Points  to  Consider  require  that  any  side  effects  must  be  reported  immediately  to  the 
RAC.  Efficacy  is  the  difficult  issue.  Investigators  are  fearful  that  submission  of  efficacy 
data  will  be  made  available  to  the  press.  The  standard  for  judging  a successful  protocol 
for  scientists  is  a published  manuscript.  These  investigators  will  publish  as  quickly  as 
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significant  data  is  obtained.  Dr.  Leventhal  reminded  Dr.  Anderson  that  all  of  these 
investigators  are  required  to  file  IRB  reports  prior  to  publication.  Dr.  Leventhal  noted 
that  published  manuscripts  do  not  describe  what  was  proposed  in  the  protocol,  only  the 
outcome.  For  example,  if  an  investigator  treats  more  patients  that  he/she  was  given 
approval  for,  then  the  RAC  needs  to  be  apprised  of  this  information. 

Committee  Motion 

Dr.  Walters  moved  that  the  investigators  should  be  required  to  provide  the  requested 
information  for  review  prior  to  the  December  RAC  meeting.  Dr.  Secundy  seconded  the 
motion.  Dr.  Leventhal  suggested  that  protocols  should  be  rescinded  if  this  information  is 
not  forthcoming.  Dr.  D.  Miller  suggested  a friendly  amendment  to  the  motion  that  the 
reporting  requirements  in  the  Points  to  Consider  should  be  changed  from  semi-annual 
reporting  to  read,  "reports  not  received  within  12  months  of  the  initial  start  date  of  the 
experiment  may  result  in  cancellation  of  its  approval."  Dr.  Walters  noted  that  to  change 
the  Points  to  Consider  would  required  public  notice  prior  to  RAC  discussion  and 
approval  as  a minor  amendment  to  the  NIH  Guidelines.  Dr.  D.  Miller  withdrew  his 
amendment  to  the  motion. 

Dr.  Leventhal  suggested  that  a second  letter  should  be  sent  to  investigators  of  approved 
protocols  as  a follow-up  to  the  initial  request  letter  dated  June  11,  1992.  This  follow-up 
letter  should  specify  that  if  the  requested  information  is  not  received,  the  approval  of  the 
protocol  will  be  reconsidered.  In  addition,  the  submitted  information  is  due  to  ORDA 
by  November  1,  1992.  Drs.  Walters  and  Secundy  agreed  to  accept  Dr.  Leventhal's 
suggestion  as  a friendly  amendment  to  his  motion.  Dr.  Murray  called  for  a vote.  The 
motion  passed  by  a vote  of  20  in  favor,  0 opposed,  and  no  abstentions. 

XIII.  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING  A HUMAN 
GENE  THERAPY  PROTOCOL  ENTITLED:  GENE  THERAPY  OF  CANCER:  A 
PILOT  STUDY  OF  IL-4  GENE  MODIFIED  ANTITUMOR  VACCINES t /DR.  LOTZE 

Review- Dr.  Leventhal 

Dr.  Murray  called  on  Dr.  Leventhal  to  present  her  primary  review  of  the  protocol 
submitted  by  Dr.  Michael  T.  Lotze,  University  of  Pittsburgh,  Pittsburgh,  Pennsylvania. 

Dr.  Leventhal  presented  a brief  overview  of  the  protocol.  Systemic  IL-4  therapy  has 
resulted  in  no  significant  antitumor  responses  as  hypothesized.  For  this  reason,  the 
investigators  propose  to  administer  a mixed  vaccine  of  IL-4  transduced  autologous 
fibroblasts  and  autologous  tumor  to  multiple  biopsy  sites  in  order  to  provide  local  IL-4 
therapy  rather  than  systemic.  The  protocol  is  designed  to  administer  this  cell  mixture  in 
a dose-response  manner  such  that  the  number  of  tumor  cells  is  constant  and  the  number 
of  fibroblasts  will  be  variable. 
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Dr.  Leventhal  stated  concerns  about  the  eligibility  requirement  that  patients  must  have 
an  anticipated  life  expectancy  of  less  than  six  months.  It  is  not  ethical  to  permit  a 
patient  with  such  advanced  disease  to  participate  in  an  experimental  protocol  which 
offers  no  therapeutic  benefit.  Also,  there  has  not  been  a satisfactory  response  with 
regard  to  defining  criteria  for  failure  versus  success. 

Dr.  Leventhal  stated  that  she  had  initial  concerns  regarding  the  cost  of  the  certain 
procedures  to  the  patient;  however,  Dr.  Lotze  has  specified  that  there  will  be  no  cost  to 
the  patient  for  additional  evaluations. 

Review-Dr.  DeLeon 

Dr.  DeLeon  said  that  the  protocol  does  not  include  the  details  of  the  clinical  assessments 
that  will  be  performed  after  the  vaccine  has  been  administered.  Dr.  Lotze  has  provided 
a revised  section  to  the  protocol  to  outline  these  procedures.  Another  concern  is  that  in 
a population  size  of  20  patients  with  four  histological  diagnoses,  it  will  be  difficult  to 
measure  therapeutic  efficacy. 

Review-Dr.  Zallen 

Dr.  Zallen  stated  that  the  investigators  have  adequately  responded  to  her  questions 
regarding  patient  recruitment  and  conduct  of  the  informed  consent  process.  There  is  a 
section  of  the  informed  consent  document  that  is  still  of  some  concern  regarding  the 
requirement  that  the  patient  is  responsible  for  costs  associated  with  the  thorascopic 
removal  of  lung  metastases.  She  asked  Dr.  Lotze  to  explain  why  a patient  will  be 
required  to  pay  for  a procedure  that  is  necessary  to  obtain  tumor  cells  that  will  be  used 
to  develop  the  vaccine.  This  procedure  is  part  of  the  experimental  process. 

The  right-to-withdraw  section  of  the  informed  consent  document  should  be  revised  so 
that  it  is  written  in  the  first  person  singular.  All  references  to  the  term  "therapy"  should 
be  omitted  from  the  informed  consent  document  since  this  procedure  has  not  been 
proven  to  be  therapeutic.  Several  paragraphs  had  inadvertently  been  deleted  from  the 
revised  protocol,  and  this  language  needs  to  be  reinserted. 

Dr.  Zallen  asked  if  there  is  the  possibility  that  a patient  will  develop  an  immune 
response  against  the  autologous  fibroblasts.  Could  insertion  of  the  IL-4  gene  result  in 
the  overproduction  of  a normal  antigen  that  would  elicit  such  a response. 

Other  Comments 

Dr.  Haselkom  suggested  that  the  word  "vaccine"  should  be  removed  from  the  protocol 
since  this  is  an  inappropriate  term. 
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Dr.  Parkman  asked  if  the  size  of  biopsy  that  has  been  specified  will  be  adequate  to 
produce  a sufficient  number  of  fibroblasts  for  the  injection.  If  an  insufficient  number  of 
autologous  fibroblasts  is  obtained,  will  allogeneic  fibroblasts  be  used? 

Dr.  Parkman  inquired  as  to  why  the  investigators  did  not  choose  to  transduce  tumor  cells 
alone.  For  this  protocol,  tumor  cells  will  have  to  be  grown  to  a certain  extent.  Why  is  it 
not  possible  to  continue  to  expand  these  tumor  cells  such  that  there  is  a sufficient 
number  of  cells  to  transduce?  Injection  of  tumor  cells  alone  would  obviate  the  need  for 
fibroblasts  and  eliminate  concerns  regarding  an  immune  response  against  fibroblasts. 

Dr.  D.  Miller  stated  that  he  did  not  receive  a 3Vi'  diskette  of  the  vector  sequence  to  run 
through  GenBank.  The  sequence  must  be  screened  for  open  reading  frames,  etc.,  prior 
to  initiating  this  protocol.  He  asked  what  the  effect  of  the  irradiated  transduced  cells 
would  be  on  neighboring  normal  cells. 

Presentation-Dr.  Lotze 

In  response  to  Dr.  Zallen's  question,  Dr.  Lotze  explained  that  the  cost  of  the 
thoracoscopic  procedure  will  be  incurred  by  the  University  of  Pittsburgh  unless  it  is 
performed  for  an  entirely  different  purpose,  such  as  for  diagnostic  purposes.  Dr.  Lotze 
said  that  he  would  revise  the  cost  section  such  that  the  cost  of  the  thoracoscopy  will  be 
provided  as  a procedure  that  is  of  no  cost  to  the  patient. 

With  regard  to  the  issue  of  induction  of  an  autoimmune  response,  Dr.  Lotze  said  that 
there  is  a large  body  of  data  demonstrating  that  cytokine  administration  does  not  induce 
an  autoimmune  response,  with  the  exception  of  IL-2  induced  thyroiditis.  If  symptoms 
occur,  patients  would  require  treatment  to  suppress  the  autoimmune  phenomenon,  i.e., 
steroid  administration. 

Dr.  Parkman  added  that  if  an  immune  response  occurs,  it  may  be  only  for  the  period  of 
time  during  which  there  is  increased  IL-4  production.  Since  the  fibroblasts  are 
irradiated,  the  production  of  IL-4  will  be  self-limiting.  Dr.  Zallen  asked  if  treatments 
administered  for  an  autoimmune  response  would  interfere  with  other  antitumor  therapies 
that  patients  might  receive.  Dr.  Lotze  responded  that  the  patients  eligible  for  this 
protocol  have  exhausted  all  traditional  therapies  for  treatment  of  their  tumor.  Dr. 
Parkman  stated  that  the  reverse  situation  would  be  effected.  If  a patient  participating  in 
this  protocol  would  require  concurrent  administration  of  steroids,  this  treatment  would 
interfere  with  the  effect  of  the  experimental  therapy. 

Dr.  Lotze  addressed  the  issue  of  using  transduced  tumor  cells  versus  fibroblasts. 

Although  one  would  hypothesize  that  a patient  would  benefit  from  cytokine  production 
made  by  the  cell  type  that  is  being  targeted,  local  delivery  of  cytokines  is  normally 
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provided  by  lymphocytes,  not  tumor  cells. 

Dr.  Lotze  agreed  to  omit  the  term  "vaccine"  from  the  protocol.  Dr.  Parkman  suggested 
replacing  this  term  with  IL-4  transduced  fibroblasts  or  simply  cells.  The  reality  is  that 
the  IL-4  transduced  fibroblasts  are  functioning  as  an  adjuvant,  not  a vaccine. 

Dr.  Lotze  responded  to  questions  regarding  the  generation  of  adequate  numbers  of 
fibroblasts  for  each  patient.  He  described  the  Hayflick  phenomenon  in  which  fibroblasts 
have  a limited  number  of  cell  divisions.  Although  the  number  of  possible  generations  is 
approximately  50,  this  number  of  fibroblasts  is  sufficient  to  provide  for  this  therapy.  In 
the  event  that  a patient  does  not  provide  enough  fibroblasts,  he/she  would  not  be 
eligible  for  this  protocol.  These  patients  may  then  be  eligible  for  the  tumor  infiltrating 
lymphocyte  protocol. 

In  response  to  Dr.  D.  Miller's  question,  tumor  cells  will  not  be  grown  up  for  this 
experiment.  The  protocol  specifies  that  tumor  suspensions  will  be  prepared  from 
enzymatically  digested  primary  tumors.  The  tumors  will  not  be  cultured.  He  agreed  to 
submit  the  pertinent  vector  sequence  information  to  ORDA. 

Dr.  D.  Miller  asked  if  local  administration  of  IL-4  would  produce  the  same  results  as  ILr 
4 transduced  fibroblasts.  Is  delivery  the  problem?  Dr.  Lotze  responded  that  a variety  of 
vehicles  exist  for  delivery  of  these  agents.  Experiments  are  now  being  performed  to 
determine  whether  polyethylene  glycol  can  be  used  as  a delivery  vehicle  for  ILA  since 
this  protein  is  not  rapidly  cleared.  Dr.  Parkman  explained  that  a pump  could  be  inserted 
locally;  however,  this  pump  may  be  a potential  source  of  infection  in  these  already 
immunosuppressed  patients.  Dr.  Leventhal  said  that  even  if  the  investigators  were 
successful  at  implanting  a pump  for  secreting  IL-4,  it  would  be  difficult  to  deliver 
identical  amounts  to  different  sites  continuously.  It  would  be  impossible  to  interpret  the 
results  of  such  a dose-response  experiment  designed  in  this  way. 

Committee  Motion 

A motion  was  made  by  Dr.  Parkman  and  seconded  by  Dr.  Leventhal  to  approve  the 
protocol  contingent  on:  (1)  submission  and  review  of  the  vector  sequence  on  a 3 Vi" 
diskette  in  ASCII  format  and  (2)  the  term  "vaccine"  will  be  removed  from  the  protocol. 
Dr.  Murray  called  for  a vote.  The  motion  passed  by  a vote  of  19  in  favor,  0 opposed, 
and  no  abstentions. 

XIV.  FUTURE  MEETING  DATE  OF  THE  RECOMBINANT  DNA  ADVISORY  COMMITTEE 

Dr.  Murray  noted  that  the  next  meeting  of  the  RAC  will  be  December  3-4,  1992.  The 
meeting  will  be  held  at  NIH,  Building  1,  Wilson  Hall. 
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XV.  ADJOURNMENT 

Dr.  Murray  adjourned  the  meeting  at  1:25  p.m.,  on  September  15,  1992. 


Executive  Secretary 


I hereby  acknowledge  that,  to  the  best  of  my 
knowledge,  the  foregoing  Minutes  and  Attach- 
ment are  accurate  and  complete. 


Date: 


.12-3-^Z 


(joa/a**. a ^ 


Barbara  E.  Murray 
Chair 

Recombinant  DNA  Advisory  Committee 
National  Institutes  of  Health 
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PROTOCOL# 


DATE:  June  26,  1992 

PRINCIPAL  INVESTIGATOR:  Robert  Walker,  MD;  LIR,  NIAID 

ASSOCIATE  INVESTIGATORS:  R.  Michael  Blaese,  MD;  DCBD,  NCI 

Charles  S.  Carter;  MT;  DTM.CC 


Harvey  Klein,  MD;  DTM,  CC 
H.  Clifford  Lane,  MD;  LIR, NIAID 
Susan  F.  Leitman,  MD;  DTM,  CC 
Craig  A.  Mullen,  MD;  DCBD, NCI 

RESEARCH  COORDINATOR: 

To  Be  Announced 

PROTOCOL  TITLE: 

A Study  of  the  Safety  and  Survival  of  the  Adoptive 
Transfer  of  Genetically  Marked  Syngeneic 
Lymphocytes  in  HIV  Infected  Identical  Twins 

NUMBER  OF  PATIENTS: 

12 

PATIENT  POPULATION: 

HIV-infected  individuals  18  years  or  older  with  a 
seronegative  identical  twin 

ESTIMATED  DURATION 
OF  STUDY: 

3 years 
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1.0  Precis 


This  phase  I/ll  pilot  project  will  evaluate  the  survival,  tolerance,  safety, 
and  efficacy  of  infusions  of  activated,  gene  marked,  syngeneic  T lymphocytes 
obtained  from  HIV  seronegative  identical  twins  on  the  functional  immune 
status  of  HIV  infected  twin  recipients.  T cells  from  each  seronegative  twin  will 
be  obtained  by  periodic  apheresis,  separated  into  CD4  and  CD8  enriched 
populations  by  monoclonal  antibody  affinity  binding  techniques,  induced  to 
polyclonal  proliferation  with  anti-CD3  and  rlL-2  stimulation,  transduced  with 
distinctive  neoR  retroviral  vectors,  and  expanded  10-1,000  fold  in  numbers 
during  approximately  2 weeks  of  culture.  These  marked  T cell  fractions  will 
then  be  infused  into  the  seropositive  twins  and  the  survival  of  the  uniquely 
marked  T cell  populations  will  be  monitored  by  vector-specific  PCR,  while  the 
recipients'  functional  immune  status  is  monitored  by  standard  in  vitro  and  in 
vivo  testing  protocols.  A total  of  3 cycles  of  treatment  will  be  given  at  intervals 
of  6 weeks  between  infusions. 


2.0  Introduction 

2.1  Background 

An  estimated  one  million  Americans  are  infected  with  the  human 
immunodeficiency  virus,  type  1 (HIV-1),  a human  retrovirus  and  causative 
agent  of  the  acquired  immunodeficiency  syndrome  (AIDS)  (1-4).  The  Centers 
for  Disease  Control  predicts  there  will  be  a total  of  435,000  cases  of  AIDS  by 
1993  and  312,000  deaths  due  to  infection  by  HIV  1.  Among  hemophiliacs 
and  users  of  illicit  intravenous  drugs,  AIDS  is  now  the  leading  cause  of  death 
(5).  Worldwide  it  is  estimated  that  between  five  and  10  million  people  are 
infected  and  that  approximately  one  million  new  cases  of  AIDS  will  occur  over 
the  next  five  years  (6).  Considering  current  estimates  of  numbers  of  .infected 
individuals,  projections  of  numbers  of  people  who  will  become  newly  infected 
over  the  next  several  years,  and  the  enormous  amounts  of  resources  often 
required  in  the  care  and  management  of  people  with  HIV  infection,  it  is  clear 
that  the  current  epidemic  will  make  even  greater  demands  on  already-limited 
services. 

Therapeutic  strategies  for  intervening  in  HIV  disease  currently  include 
antiretroviral  therapy,  treatment  and  prophylaxis  of  opportunistic  infections, 
anti-tumor  therapy,  immunomodulator  therapy,  and  immunologic  restoration. 
Zidovudine  (AZT),  an  inhibitor  of  reverse  transcriptase,  was  the  first 
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antiretroviral  drug  to  be  approved  by  the  FDA  for  AIDS,  and  has  been  shown 
in  a randomized,  placebo-controlled  trial  to  prolong  the  lives  of  most  AIDS 
patients  who  take  it  (7).  In  addition,  two  recent  studies  (8,9)  have  shown  that 
zidovudine  can  delay  progression  of  HIV  disease  in  patients  with  CD4+ 
counts  below  500  cells/mm3.  Current  recommendations  are  that  patients  with 
HIV  infection  and  CD4+  counts  below  500  cells/mm  be  treated  with 
zidovudine  under  close  medical  supervision  (10,11).  Dideoxyinosine  (ddl), 
another  nucleoside  analogue  inhibitor  of  reverse  transcriptase,  has  recently 
been  approved  by  the  FDA  for  treatment  of  HIV  infection  in  individuals 
intolerant  to  or  failing  therapy  with  zidovudine  (12).  Dideoxycytidine  (ddC)  is 
a related  nucleoside  analogue  that  has  also  been  licensed  for  use  in 
combination  with  zidovudine. 

There  are,  however,  some  significant  practical  and  theoretical 
difficulties  with  available  antiretroviral  agents.  Although  mortality  and 
frequency  of  opportunistic  infections  are  reduced  in  patients  taking 
zidovudine,  a complete  and  sustained  improvement  in  immune  status  has  not 
been  achieved  (13,14).  In  addition,  frequent  toxic  effects  prevent  many 
individuals  from  tolerating  these  drugs  for  extended  periods  (15).  Recent  in 
vitro  evidence  of  retroviral  resistance  has  also  been  presented,  although  the 
clinical  importance  of  this  is  as  yet  unknown  (16).  In  hopes  of  increasing 
efficacy  and  reducing  toxicity,  studies  are  now  underway  examining  the 
potential  role  of  combination  therapies  for  HIV  infection.  Such  approaches 
include  combined  therapy  with  two  or  more  agents  from  the  same  class  (e.g., 
reverse  transcriptase  inhibitors)  or  from  distinct  classes  with  different 
mechanisms  of  action  (e.g.,  RT  inhibitors  plus  immunomodulators).  Despite 
the  major  advances  in  treating  HIV  disease  that  have  occurred  in  the  past  five 
years,  it  is  clear  that  the  need  is  still  great  for  more  efficacious,  less  toxic 
therapies  with  novel  mechanisms  of  action. 


2.2  Bone  Marrow  Transplantation  and  Lymphocyte  Transfers  in  AIDS 

The  combination  of  antiretroviral  therapy  and  immune  reconstitution  is 
an  attractive  approach  to  treating  HIV  infection.  Transplantation  of 
hematopoietic  elements  has  been  shown  to  correct  the  immune  defects  in 
certain  primary  immune  deficiency  diseases  including  severe  combined 
immune  deficiency,  where  both  T-  and  B-cell  functions  are  either  absent  or 
markedly  impaired  (17-19).  Immunologic  reconstitution  has  been  attempted 
in  AIDS  patients  using  biologic-response  modifiers,  syngeneic  and 
allogeneic  bone  marrow  transplantation,  and  peripheral  leukocyte  infusions 
(20-27).  We  have  previously  reported  a patient  with  AIDS  treated  with  a 
combination  of  syngeneic  bone  marrow  transplantation  and  peripheral 
lymphocyte  transfers  using  the  patient's  uninfected  identical  twin  as  donor 
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(22).  In  this  patient,  peripheral  CD4  counts  increased  and  peaked 
approximately  3 months  after  transplantation,  along  with  the  new  appearance 
of  delayed-type  hypersensitivity  responses.  However,  these  changes  were 
transient,  and  there  was  no  sustained  immunologic  or  clinical  improvement. 
Other  investigators  have  reported  on  the  use  of  both  syngeneic  and 
allogeneic  bone  marrow  transplantation  in  AIDS  patients  arid  on  treatment 
with  peripheral  lymphocyte  infusions,  also  resulting  in  only  temporary 
immunologic  improvement  (23-27). 

More  recently,  we  reported  on  16  HIV  infected  patients  treated  with 
zidovudine  for  12  weeks  followed  by  6 peripheral  lymphocyte  infusions  and 
syngeneic  bone  marrow  transplantation  (28).  Following  transplantation, 
patients  were  randomized  to  receive  either  zidovudine  or  placebo  for  12 
months.  Again,  temporary  improvement  in  immune  function  resulted,  lasting 
1 to  2 months,  and  no  sustained  clinical  improvement  was  seen.  This  study 
confirmed  earlier  reports  on  the  safety  of  adoptive  transfer  of  peripheral 
lymphocytes  and  syngeneic  bone  marrow  transplantation  combined  with 
antiretroviral  agents  such  as  zidovudine  in  HIV-infected  persons.  One  patient 
developed  transient  generalized  erythema  after  the  first  lymphocyte  infusion, 
and  one  patient  was  febrile  after  bone  marrow  transplantation.  Both 
problems  resolved  within  48  hours. 

A current  intramural  protocol  (Protocol  90-1-0076)  is  investigating  the 
effects  of  combined  zidovudine,  interferon  alpha,  recombinant  CD4-lgG,  and 
transplantation  of  syngeneic  bone  marrow  with  peripheral  blood  lymphocyte 
transfers  from  gp160-immunized  donors  in  patients  with  HIV  infection:  All  3 
HIV-infected  patients  enrolled  in  this  study  have  received  their  lymphocyte 
transfers  and  bone  marrow  transplants,  and  no  significant  adverse  effects 
have  occurred  to  date. 

A related  intramural  protocol  (Protocol  92-1-0035)  examines  the 
immunologic  and  antiretroviral  effects  of  the  adoptive  transfer  of  a nef-specific 
CTL  clone  when  reinfused  to  the  seropositive  donor  from  whom  it  was 
derived.  To  date,  this  patient  has  received  a total  of  28  x 109  CTL  infused  in  3 
escalating  divided  doses  one  week  apart,  followed  by  IL-2  infusions,  17,000 
units  q8hrs  for  a total  of  7 doses.  CD4  counts  in  this  patient  went  from  an 
average  of  300  cells/mm3  prestudy  to  700  cells/mm3  one  week  post 
completion  of  infusions,  and  have  since  returned  to  baseline.  While  the  IL-2 
infusions  were  prematurely  discontinued  in  this  patient  due  to  toxicity  (which 
included  reversible  thrombocytopenia,  leukopenia,  hepatic  enzyme 
abnormalities,  and  mental  status  changes),  the  cell  infusions  themselves 
were  well  tolerated. 
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2.3  Gene  Transfer  and  Gene  Therapy 

Retroviral-mediated  gene  transfer  is  being  developed  for  the  study  and 
treatment  of  human  disease  (29,30),  and  the  first  clinical  trials  using  this 
technology  are  in  progress.  In  the  first  clinical  trial,  approved  in  January 

1989,  a retroviral  vector  containing  the  bacterial  gene  for  neomycin 
resistance  (neoR)  was  used  to  mark  tumor  infiltrating  lymphocytes  (TIL) 
extracted  from  each  patient's  resected  tumor.  These  TIL  are  then  reinfused 
into  the  donor/patient  in  combination  with  IL-2  as  immunotherapy  for 
metastatic  cancer  (31).  Since  the  vector-transduced  TIL  contain  a unique 
genetic  marker,  the  neoR  gene,  the  in  vivo  distribution  and  longevity  of  the 
reinfused  TIL  can  be  studied  (32,33).  Reinfusion  of  these  cells  has  been 
associated  with  objective  responses  in  up  to  40%  of  patients  studied  (34). 
Additional  gene  transfer  experiments  now  in  clinical  trials  include:  Gene- 
marking neuroblastoma  cells  in  the  bone  marrow  of  children  subsequently 
undergoing  autologous  marrow  transplant  to  determine  if  relapses  are  due  to 
cells  remaining  in  the  body  after  chemotherapy  or  to  neuroblastoma  cells 
introduced  with  the  "purged”  autologous  marrow;  gene-marking  CML  cells  in 
the  bone  marrow  of  patients  undergoing  bone  marrow  transplant  to  study  the 
mechanism  of  relapse;  gene-marking  donor  hepatocytes  subsequently 
injected  in  the  spleen  or  portal  systems  of  patients  in  liver  failure  in  the  setting 
of  partial  liver  transplant  to  evaluate  the  success  of  the  procedure;  as  well  as 
others. 

The  first  human  gene  therapy  protocol  was  initiated  in  September, 

1990.  In  this  study,  patients  with  severe  combined  immunodeficiency  (SCID) 
due  to  adenosine  deaminase  (ADA)  deficiency  are  treated  with  infusions  of 
autologous  lymphocytes  transduced  with  the  ADA  gene  via  a retroviral  vector. 
To  date,  two  patients  have  received  this  therapy. 

Gene  transfer  therapy  for  HIV  infection  has  not  yet  been  attempted. 

One  group  has  reported  on  a mouse  model  demonstrating  that  expression  of 
HIV  genes  introduced  by  a retroviral  vector  leads  to  induction  of  powerful 
cytotoxic  T lymphocyte  (CTL)  responses  (35).  The  required  doses  are  106  - 
10^  cells,  and  the  responses  are  MHC  class  I restricted  and  mediated  by  CD8 
cells.  These  investigators  noted  that  the  cells  administered  are  apparently 
destroyed  by  the  response  they  generate.  Other  approaches  for  treatment  of 
HIV  infection  have  been  proposed  and  include  introducing  into  cells  a gene 
that  produces  an  enzyme  capable  of  converting  a prodrug  into  its  active  form. 
One  group  used  a retroviral  vector  to  introduce  an  HIV-inducible  herpes 
simplex  virus  thymidine  kinase  (TK)  gene  into  cells  in  culture  followed  by 
treatment  with  acyclovir  (35,36).  This  approach  proved  to  be  very  effective  in 
selectively  killing  HIV-infected  cells  at  otherwise  nontoxic  concentrations  of 
drug. 
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2.4  Rationale  for  the  Current  Study 


The  proposed  protocol  represents  the  initial  step  in  a sequence  of 
studies  designed  to  evaluate  the  potential  value  of  genetically  modifying  T 
lymphocytes  in  an  attempt  to  prevent  or  control  HIV  infection.  This  study  will 
provide  the  essential  baseline  data  needed  to  prospectively  evaluate  the  fate 
of  activated  CD4  and  CD8  cells  after  reinfusion  in  HIV  infected  individuals.  In 
addition,  in  association  with  other  protocols  currently  in  development  utilizing 
adoptive  transfer  of  ex  vivo  expanded  and  activated  cells  without  gene 
marking,  the  present  study  will  permit  the  effects  of  gene  modification  of  the 
cells  to  be  distinguished  from  those  effects  of  activated  T cell  infusions  alone. 
By  monitoring  functional  immune  status,  measures  of  viral  burden,  and 
physiological  markers  of  end  organ  function,  we  hope  to  determine  whether 
this  potential  therapeutic  approach  is  feasible  and  safe.  The  knowledge 
gained  from  a careful  analysis  of  CD4  and  CD8  cell  survival,  when  correlated 
with  quantitative  assays  of  HIV  viremia  and  immune  status,  has 
immunopathogenic  importance  that  transcends  even  the  arena  of  gene 
therapy.  Indeed,  the  proposed  study  may  serve  to  demonstrate  whether  cell 
survival  represents  an  important  surrogate  marker  for  clinical  disease  that  will 
serve  as  a more  sensitive  and  more  precise  means  of  monitoring  progression 
of  HIV  disease. 


3.0  Preclinical  and  Clinical  Studies 

3.1  In  Vivo  Human  Experiments  in  SCID  with  Autologous  PBLs  transduced 
with  the  ADA  gene 

Two  patients  with  severe  combined  immunodeficiency  due  to  adenosine 
deaminase  deficiency  have  been  treated  with  infusions  of  autologous' 
lymphocytes  transduced  with  the  ADA  gene  via  a retroviral  vector  (protocol 
#90-C-195).  To  date,  no  significant  side  effects  have  occurred  and 
immunologic  benefit  has  been  observed.  Specifically,  reversal  of 
lymphopenia,  defective  T cell  cytolytic  activity,  skin  test  anergy,  and  deficient 
antibody  production  have  been  achieved  in  these  patients  associated  with 
gene/T  ceil  therapy.  Continuous  circulation  of  modified  cells  during  21 
months  of  observation  has  been  seen  in  the  first  patient  enrolled  on  the 
protocol,  including  during  a 7 month  period  when  this  patient  received  no 
additional  infusions  of  cells.  ADA  levels  in  the  circulating  T cells  have 
increased  from  initially  undetectable  levels  to  10%  to  50%  of  that  measured  in 
the  carrier  parents. 

The  studies  of  these  children  with  SCID  demonstrate  that  significant 
reconstitution  of  T cell  function  can  be  achieved  in  immunodeficient  patients 
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with  infusions  of  autologous  polyclonal  T cells  activated  for  short  term  (<2 
weeks)  growth  in  culture.  Since  enhanced  immune  function  has  been 
observed  in  children  with  inherently  defective  T cells,  there  is  good  reason  to 
expect  that  infusion  of  normal  T cells  obtained  from  HIV  seronegative  twins 
should  be  at  least  as  effective  in  reconstituting  immune  function  in  the  HIV 
infected  twin. 

3.2  In  Vivo  Human  Experiments  with  TIL  Transduced  with  the  LNL6  Vector 

The  human  gene  transfer  N2/TIL  clinical  protocol  (86-C-183c)  was  approved 
in  1989.  In  this  study,  10  patients  with  advanced  malignant  melanoma 
received  tumor  infiltrating  lymphocytes  (TIL)  that  have  been  marked  with  the 
safety-modified  N2  vector  called  LNL6.  Extensive  safety  studies  on  the 
retroviral  supernatant  prior  to  transduction  of  human  TIL,  the  transduced  TIL 
before  infusion  into  the  patient,  and  the  patients  who  received  the  gene 
marked  TIL  were  performed. 

In  summary  of  the  safety  data,  there  have  been  no  side  effects  or  toxic 
reactions  due  to  the  gene  transfer.  In  addition,  there  has  been  no  evidence  of 
replication-competent  virus  in  any  retroviral  supernatant  used  for  clinical 
studies,  no  consistent  differences  in  the  pattern  of  cell  growth,  phenotype,  or 
cytotoxic  function  in  any  preparation  of  gene-transduced  TIL,  and  no 
lymphocyte  population  has  developed  IL2  independence.  There  has  also 
been  no  evidence  of  viral  exposure  for  any  of  the  1 0 patients  based  on 
Western  analysis  as  well  as  3T3  amplification  with  the  S+L-  of  patient  serum. 
In  short,  the  data  acquired  to  date  demonstrate  no  abnormalities,  side  effects, 
toxicities,  or  pathology  due  to  the  retroviral-mediated  gene  transfer 
procedure. 


3.3  Assessment  of  the  Safety  of  Retroviral-mediated  Gene  Transfer  in 
Rhesus  Monkeys  and  Humans 

In  the  ADA-deficient  SCID  protocol,  a total  of  approximately  20  infusions  of  up 
to  2 x 10io  cultured  cells  has  been  performed,  and  no  significant  side  effects 
related  to  the  cell  infusions  have  been  observed.  In  addition,  there  have 
been  no  side  effects  related  to  gene  transfer.  Similarly,  in  the  N2/TIL  protocol, 
there  have  been  no  side  effects  due  to  gene  transfer  and  no  evidence  of 
infection  by  replication  competent  virus.  Since  foreign  DNA  is  inserted 
randomly  into  the  genome  of  cells  that  are  reinfused  into  the  patient,  however, 
there  is  some  potential  for  the  insertional  event  to  result  in  an  unfavorable 
outcome.  If  the  insertion  disrupts  a gene  essential  for  maintaining  cell 
function,  that  particular  cell  might  die.  More  threatening  is  the  possibility  that 
insertion  may  initiate  oncogenic  transformation  of  the  cell.  The  magnitude  of 
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the  risk  that  gene  transfer  poses  to  a patient  cannot  be  accurately  stated  at 
present,  but  based  on  the  accumulated  experience  the  risk  appears  to  be 
very  low. 

Some  of  the  potential  hazards  were  illustrated  in  a primate  model  of 
retrovirally-mediated  gene  modification,  where  lethally  irradiated  rhesus 
monkeys  were  exposed  to  massive  amounts  of  replication-competent 
retrovirus.  When  autologous  stem  cells  used  to  reconstitute  the  bone  marrow 
were  incubated  in  vitro  in  the  presence  of  retroviral  vector  particles  with 
accompanying  replication-competent  virus,  retroviral  vector  genome  was 
detected  in  circulating  cells  of  5 of  8 of  the  transplant  recipients  of  CD34+  cells 
and  in  2 recipients  of  unfractionated  bone  marrow  cells  (37).  Three 
recipients  of  CD34+  cells  had  a productive  infection  with  replication 
competent  virus.  Within  7 months  of  transplantation,  each  of  these  three 
animals  developed  a rapidly  progressive  T cell  neoplasm;  lymphoma  cells 
contained  10  to  50  copies  of  the  replication  competent  virus  but,  importantly, 
lacked  the  retroviral  vector.  Thus,  these  tumors  occurred  in  the  setting  of 
intentional  contamination  of  the  bone  marrow  transplant  with  replication 
competent  virus,  were  associated  with  continuous  retroviremia,  but  did  not 
involve  the  retroviral  vector.  This  experience  underscores  the  importance  of 
carefully  screening  retroviral  producer  clones  used  in  human  trials  to  exclude 
contamination  with  replication  competent  virus. 

In  the  more  than  30  patients  who  have  now  received  gene-modified  cells,  no 
evidence  for  the  generation  of  replication-competent  virus  has  been  seen. 
Long  term  surveillance  of  exposed  monkeys  as  well  as  the  patients  enrolled 
in  the  various  clinical  protocols  will  be  necessary  to  better  understand  the 
actual  frequency  and  severity  of  the  risks  associated  with  this  procedure.  The 
vectors  that  we  are  proposing  to  use  in  this  protocol  are  produced  by  the 
same  supplier  as  those  used  in  other  clinical  protocols  where  there  has  been 
no  evidence  of  helper  virus  contamination. 


4.0  Study  Objectives 

4.1  To  determine  the  distribution  and  longevity  of  adoptively 
transferred,  genetically  marked  syngeneic  peripheral  blood  CD4 
and  CD8  lymphocytes  in  patients  with  HIV  infection. 

4.2  To  determine  the  safety  and  tolerance  of  the  adoptive  transfer  of 
genetically  marked  syngeneic  peripheral  blooa  lymphocytes  in 
patients  with  HIV  infection. 

4.3  To  determine  the  efficacy  of  transfused  polyclonal  T cells  in 
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immune  reconstitution. 


5.0  Experimental  Design 

5.1  Inclusion  Criteria 

5.1.1  An  identical  twin  pair,  one  of  whom  is  seropositive  for  HIV,  the 
other  twin  seronegative,  by  standard  ELISA  and  Western  blot 
testing. 

5.1.2  Patients  with  Kaposi’s  sarcoma  are  eligible  for  this  study,  but 
must  not  have  received  any  systemic  therapy  for  KS  within  4 
weeks  prior  to  entry.  The  diagnosis  of  KS  must  have  been 
confirmed  by  biopsy. 

5.1.3  Free  from  serious  psychological  or  emotional  illness  and  able 
to  provide  written  informed  consent. 

5.1.4  Anticipated  survival  > 3 months. 

5.1.5  18  years  of  age  or  older. 


5.2  Exclusion  criteria 

5.2.1  Lymphoma 

5.2.2  Unwillingness  to  comply  with  current  NIH  Clinical  Center 
guidelines  concerning  appropriate  notification  of  all  current 
sexual  partners  of  an  individual  regarding  his  or  her  HIV 
positive  sero-status  and  the  risk  of  transmission  of  HIV, 
infection. 

5.2.3  Recent  history  of  substance  abuse  unless  evidence  is  provided 
of  an  ongoing  therapeutic  intervention  (i.e.  medical  therapy  or 
counseling)  to  control  such  abuse. 


5.3  Duration  of  Study:  Three  years 
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5.4  Therapeutic  Protocol 

5.4.1  Isolation  and  enrichment  of  peripheral  blood  lymphocytes  from 
donor. 

A phlebotomy  or  leukapheresis  (performed  by  the  NIH  Blood  Bank 
Apheresis  Unit  according  to  standard  procedures)  will  be  used  to 
obtain  lymphocytes  from  the  donor. 

5.4.1. 1 Apheresis  Technique: 

Leukapheresis  will  be  performed  either  manually  or  with  the  use  of  an 
automated  cell  separator.  If  manual  techniques  are  used,  a unit  of 
whole  blood  (volume  not  to  exceed  10%  estimated  blood  volume)  will 
be  withdrawn  using  a 1 :8  ratio  of  ACD-A  to  whole  blood,  and 
processed  and  separated  into  components  by  centrifugation.  The 
leukocytes  will  be  harvested  and  the  remaining  red  cells  and  plasma 
returned  to  the  donor.  One  to  5 units  of  whole  blood  may  be 
sequentially  processed  in  this  manner.  Only  one  venipuncture  is 
necessary  and  the  procedure  requires  45  minutes  per  unit  of  whole 
blood  processed. 

Apheresis  may  also  be  accomplished  using  automated  cell  separator 
devices.  Whole  blood  is  withdrawn  from  one  venipuncture  site  at  a 
rate  of  40-60  ml/min  and  channeled  into  the  cell  separator,  where 
cellular  and  plasma  fractions  are  separated  by  centrifugation.  The 
leukocytes  are  harvested  into  a component  bag,  and  the  red  cells  and 
plasma  are  reinfused  into  the  patient  via  a second  venipuncture  site. 
Anticoagulation  is  achieved  using  ACD-A  at  a whole  blood  to 
anticoagulant  ratio  of  10:1.  Maximum  extracorporeal  blood  volume  is 
300  ml  (Fenwal,  COBE  models).  One  to  two  hours  are  required  to 
process  1 to  5 liters  of  whole  blood. 

Hazards  and  Precautions  of  Leukapheresis:  Adverse  reactions  to 
apheresis  procedures  are  rare  and  include  vasovagal  episodes 
related  to  needle  insertions  and  transient  volume  loss,  and  cutaneous 
paresthesias  related  to  citrate-induced  hypocalcemia.  The  former 
reaction  is  handled  by  postural  manipulation  and  fluid  administration, 
the  latter  is  usually  relieved  by  slowing  the  rate  of,  or  temporarily 
interrupting,  the  anticoagulant  infusion. 
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5. 4.1. 2 Cell  Separation  and  Enrichment  of  CD4  and  CD8  T Cell 
Subpopulations 

Peripheral  blood  mononuclear  cells  (PBMC)  from  the  leukapheresis 
collections  will  be  separated  from  the  red  cells  and  neutrophils  by 
Ficoll-Hypaque  density  gradient  centrifugation  according  to  previously 
published  techniques  (39-43).  The  PBMC  will  then  be  washed  and 
counted.  PBMC  will  then  be  fractionated  into  populations  enriched  for 
CD4  or  CD8  expressing  cells.  CD4  enrichment  will  be  accomplished 
by  positive  selection  and/or  CD8  depletion.  The  resulting 
subpopulations  will  be  referred  to  as  “CD4  enriched  cells."  Similarly, 
CD8  enrichment  may  be  achieved  by  positive  selection  and/or  CD4 
depletion  steps,  and  the  resulting  subpopulations  will  be  termed  “CD8 
enriched  cells."  Appendix  1 shows  the  current  fractionation  protocol 
used  in  the  ADA  deficient  SCID  protocol  using  the  AIS 
Micro CELLectorTM  system.  Enrichment  will  be  performed  prior  to 
transduction  of  the  cellular  fractions.  The  conditions  for  enrichment  of 
cells  may  be  modified  by  the  PI  during  the  course  of  the  protocol  in 
order  to  take  advantage  of  refinements  in  techniques. 


5.4.2  Growth  and  transduction  of  T lymphocytes 

Fractionated  cells  will  be  cultured  at  approximately  5 x 105  cells/well  in 
24  well  tissue  culture  plates  in  AIM-V*,  which  consists  of  AIM-V 
(GIBCO)  with  2mM  glutamine,  50U/ml  penicillin,  50  pg/ml  streptomycin, 
2.5  pg/ml  Fungizone,  and  25-1000  units/ml  of  IL2  (Cetus).  Media  may 
be  supplemented  with  5%  fetal  calf  serum  or  up  to  10%  human  serum 
or  plasma  obtained  either  from  the  donor  or  from  blood  bank  supplies. 
At  the  initial  plating,  10  ng/ml  OKT3  (Ortho)  monoclonal  antibody  will 
be  added  to  each  well.  The  cells  will  be  cultured  at  37°C  in  a 
humidified  incubator  with  5%  CO2.  The  conditions  of  culture  and 
lymphocyte  stimulation  may  be  modified  by  the  PI  during  the  course  of 
this  protocol  to  take  advantage  of  improvements  in  technique- or  media. 

Once  the  T lymphocytes  have  begun  to  proliferate  (usually  24-96  hours 
after  initiation  of  the  culture),  vector-containing  supernatant  (containing 
protamine  5-10  pg/ml  and  up  to  1000  U/ml  IL2)  will  be  added  to  the 
wells  after  aspirating  off  the  top  half  of  the  medium.  This  will  be 
repeated  1 to  2 times  daily  for  a period  of  up  to  7 days.  After  the  final 
exposure  to  retroviral  vector,  the  cells  will  be  fed  with  fresh  AIM-V*  and 
cultured  another  2 to  7 days  to  permit  the  cultures  to  return  to 
exponential  growth.  Approximately  80%  of  the  culture  will  then  be 
infused  into  the  patient  and  the  remaining  cells  returned  to  culture  for 
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continued  growth  and  selection  procedures,  and/or  analyzed  for 
phenotype,  T cell  repertoire,  and  percentage  of  cells  demonstrating 
vector  integration.  Selected  cultures  will  be  periodically  analyzed  for 
the  above  features. 

An  aliquot  of  the  cells  infused  into  the  patient  will  be  saved  and 
Southern  analysis  will  be  performed  on  the  DNA  from  the  cultured  cells 
after  digestion  with  a restriction  endonuclease  which  does  not  cut 
within  the  vector  sequence  to  determine  whether  the  gene-modified 
cells  are  polyclonal  with  respect  to  retroviral  insertion.  Probing  for  T 
cell  receptor  beta  chain  gene  rearrangements  will  also  be  done  to 
address  clonality  with  respect  to  T cell  specificity  (38).  Cells  will  also 
be  tested  for  replication  competent  retrovirus  by  S+L-  with  3T3 
amplification. 

Two  retroviral  vectors,  each  containing  the  neoR  gene,  will  be  used  as 
markers.  These  retroviral  vectors  are  designated  LNL6  and  GINa. 

They  consist  of  the  following  elements  listed  5'  to  3':  Moloney  murine 
sarcoma  virus  long  terminal  repeat  (LTR)  promoter,  psi  sequence, 
polycloning  site,  neomycin  phosphotransferase  gene,  polycloning  site, 
and  Moloney  murine  leukemia  virus  LTR.  Both  are  produced  as  FDA 
certified  material  by  Genetic  Therapy,  Inc.  (Gaithersburg,  MD)  which 
has  manufactured  the  vectors  used  in  the  human  ADA  deficiency  gene 
therapy,  human  melanoma  TIL,  and  human  bone  marrow  gene 
marking  protocols.  Both  vectors  have  been  previously  used  in  other 
human  gene  transfer  experiments.  They  consist  of  high  titer  (105  -106 
colony  forming  units  per  ml)  supernatants  of  packaging  cell  lines.  The 
supernatants  are  free  of  pathogens  and  helper  virus.  The  retroviral 
vectors  are  capable  of  a single  infection;  i.e.,  they  are  replication 
incompetent.  The  neomycin  phosphotransferase  protein  they  encode 
remains  an  intracellular  protein. 

One  vector  will  be  used  to  mark  CD4-enriched  cells  in  a patient,  while 
the  other  vector  will  be  used  to  mark  CD8-enriched  cells.  Each  vector 
contains  unique  sequences  which  will  allow  one  to  discriminate 
between  them  using  PCR  based  Southern  analysis  using  radiolabeled 
probes  corresponding  to  the  neomycin  phosphotransferase  gene 
which  is  found  only  in  the  transferred  gene  sequences  but  not  in  the 
native  human  genome.  LNL6  and  GINa  differ  in  large  part  only  by  the 
length  of  noncoding  sequences  3'  to  the  neoR  coding  sequence.  Use 
of  PCR  primers  which  flank  this  insert  will  generate  fragments  which 
differ  in  size.  Using  the  primers  5' I I 1 TGTCAAGACCGACCTGTCC3’ 
(homologous  to  positions  1643-1664  in  LNL6,  and  to  1658-1679  in 
GINa)  and  5TTTCATTCCCCCC l I I I ICTGG3’  (antisense  to  positions 
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3023-3044  in  LNL6,  and  to  2403-2424  in  GlNa)  will  generate  a 1401 
base  pair  fragment  using  LNL6  as  a template  and  a 758  base  pair 
fragment  using  G1  Na  as  a template.  These  fragments  are  easily 
separated  on  2%  agarose  gels. 

The  neoR  gene  encodes  for  an  enzyme  (NPT-II)  which  inactivates  the 
antibiotics  neomycin  and  Amikacin.  NPT-II  does  not  inactivate  other 
aminoglycoside  antibiotics  (such  as  Gentamicin  and  Tobramycin)  and 
many  other  suitable  alternatives  for  gram  negative  infections  are 
available  for  clinical  use.  No  untoward  effects  have  been  observed  of 
the  expression  of  the  neoR  gene  in  T cells  either  in  vitro  or  in  mice, 
monkeys,  or  humans  who  have  received  T cells  expressing  this 
enzyme. 


5.4.3  Preparation  of  cells  for  infusion 

Cells  will  be  prepared  according  to  previously  published  methods  (39- 
43).  After  5-9  days  in  culture,  the  numbers  and  phenotypes  of  the 
enriched  subpopulations  will  be  determined.  When  the  total  number  of 
cells  reaches  3 x 109  - 2 x 1 01 1 , the  CD4-  and  CD8-enriched  fractions 
will  be  combined.  Samples  for  Gram  stain  and  microbiologic  cultures 
for  aerobic  and  anaerobic  bacteria  and  fungus  will  be  obtained  from 
each  bag  prior  to  pooling  the  cells  and  from  the  pooled  cells  at  72  and 
48  hours  and  immediately  prior  to  infusion. 

As  we  learn  more  about  the  separation  and  growth  of  the  CD4  and 
CD8  cells,  these  procedures  may  be  modified  at  the  discretion  of  the 
principal  investigator.  Experience  to  date  indicates  that  growth  of 
unseparated  cells  from  each  individual  patient  appears  to  be  unique  in 
its  kinetics  and  the  enriched  populations  will  probably  grow  differently 
from  each  other  as  well.  Therefore,  the  ability  to  mix  cells  grown  under 
different  selection  conditions  (CD4-enriched,  CD8-enriched)  at  the 
time  of  reinfusion  should  maximize  the  polyclonality  in  the  infused  cell 
population. 

5.4.4  Infusion  of  expanded,  transduced  cells  into  HIV-infected  twin 

HIV-infected  patients  will  be  admitted  to  the  Warren  G.  Magnuson 
Clinical  Center  inpatient  wards  for  the  first  infusion.  An  intravenous 
catheter  will  be  inserted  into  either  a peripheral  or,  if  no  peripheral 
access  is  available,  into  a central  vein,  and  approximately  3x1 09- 
2x10ii  expanded  cells  carrying  the  genetic  marker  for  neomycin 
resistance  will  be  infused  over  60  minutes.  Vital  signs  and  oxygen 
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saturation  by  pulse  oximetry  will  be  closely  monitored  according  to  the 
schedule  in  Table  2. 

Infusions  will  be  performed  every  6 weeks  for  a total  of  approximately  3 
administrations.  The  second  and  third  infusions  may  be  performed  on 
an  outpatient  basis  at  the  discretion  of  the  PI.  For  outpatient  infusions, 
patients  will  be  treated  in  the  8th  floor  clinic  of  the  Clinical  Center  or  in 
the  1 1th  floor  day  hospital.  The  infusion  will  be  administered  over  1 
hour,  and  the  patient  will  be  observed  for  4 hours  thereafter.  Patients 
will  return  to  the  Clinical  Center  for  outpatient  evaluation  daily  for  the 
first  week  after  infusions,  then  weekly  or  less  frequently  (to  be  guided 
by  the  data  produced)  for  the  first  24  weeks,  and  then  monthly  to 
complete  6 months  of  follow-up  beyond  the  last  lymphocyte  infusion. 
Comprehensive  safety  and  immunologic  evaluations  will  be  performed 
according  to  the  schedule  in  Table  3. 

We  plan  to  administer  the  transduced  T cells  within  approximately  2 
weeks  of  apheresis.  This  is  designed  to  minimize  the  potential  for 
clonal  overgrowth  in  culture  and  therefore  the  development  of  a 
disproportionate  mix  of  immune  specificities  that  might  be  significantly 
different  from  those  present  in  the  fresh  blood  sample.  Experiments  in 
immunodeficient  mice  transplanted  with  human  cells  (including  gene 
treated  ADA(-)SCID  cells)  have  shown  that  10-20  million  cells  contain 
a broad  repertoire  of  immune  specificities  (44,45).  Experience  in  the 
ADA  deficient  SCID  children  demonstrates  that  this  procedure  is 
effective  and  is  not  associated  with  clonal  disproportion. 

5.4.5  Treatment  of  Infusion  Related  Reactions 

If  a patient  develops  fevers,  chills,  or  muscle  aches,  he/she  will  receive 
the  appropriate  dose  of  either  aspirin,  ibuprofen,  or  acetaminophen. 
Acetaminophen  will  be  used  if  the  patient  does  not  tolerate  aspirin  or 
ibuprofen.  The  development  of  a rash  will  be  treated  initially  with 
diphenhydramine  PO.  Patients  who  experience  reactions  to  the 
infusion  such  as  fever,  muscle  aches,  and  chills  will  be  premedicated 
30  minutes  prior  to  future  infusions  with  either  aspirin,  acetaminophen, 
or  diphenhydramine.  Meperidine  will  be  used  for  more  severe  chills 
and  muscle  aches  that  do  not  quickly  respond  to  antipyretics  and 
antihistamines.  Cell  infusions  will  be  slowed  or  discontinued 
depending  upon  the  severity  of  the  reaction.  In  the  event  of  a severe 
reaction,  emergency  life  support  measures  will  be  immediately 
undertaken. 
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5.5  Monitoring 

5.5.1  Safety  and  Toxicity 


Prior  to  entry  both  donor  and  recipient  will  undergo  complete  medical 
history,  physical  examination,  laboratory  investigations, 
electrocardiogram,  and  chest  x-ray  as  outlined  in  Table  3 and  Table  4. 

Complete  medical  history: 

-duration  of  diagnosis  of  HIV  infection  (for  recipients),  disease 

manifestations,  and  complications 

-history  of  all  known  allergies 

-history  of  opportunistic  infections  and  malignancies 

-history  of  sexually  transmitted  diseases  including  gonorrhea,  syphilis, 

hepatitis,  mononucleosis,  CMV  infection,  herpes,  and  parasitic  diseases 

-current  medications,  including  over-the-counter  preparations 

-history  of  substance  abuse  and  recreational  drug  use 

-history  of  depression,  anxiety,  mental  illness,  emotional  problems,  use  of 

psychiatric  medications,  and  previous  psychotherapy 

-knowledge  and  practice  of  "safe  sex" 

-current  contraceptive  practices 
-surgical  procedures  and  results 

-rate  of  KS  progression,  including  date  of  KS  diagnosis,  for  patients  with 
KS 

Complete  physical  examination: 

-performance  status  (Table  1) 

-weight 
-height 
-vital  signs 

-pulmonary  examination 
-cardiac  examination 
-abdominal  examination 
-neurologic  examination 
-oropharyngeal  examination 
-stool  guaiac 

Laboratory  and  other  investigations  (to  be  done  at  screening,  entry,  and 
follow-up  visits  according  to  the  schedules  in  Table  3 [recipient]  and 
Table  4 [donor]): 

-CBC  and  differential 
-platelet  count 
-reticulocyte  count 
-PT  and  PTT 


[304] 


Recombinant  DNA  Research,  Volume  16 


-serum  electrolytes:  Na+,  K+,  CI-,  HC03- 

-fasting  blood  glucose 

-BUN 

-uric  acid 

-total  bilirubin 

-alkaline  phosphatase  (if  >2X  upper  limit  of  normal,  then  GGTP) 

-alanine  aminotransferase  (ALT) 

-aspirate  aminotransferase  (AST) 

-lactate  dehydrogenase  (LDH)  and,  if  elevated,  LDH  isoenzymes 

-calcium,  albumin,  total  protein 

-quantitative  immunoglobulins 

-Hepatitis  B and  C serologic  screens 

-blood  cultures  for  Mycobacterium  avium-  intracellulare 

-serum  cryptococcal  antigen 

-Lymphocyte  Profile  (to  include  but  not  limited  to:  cellular  phenotype  of 
peripheral  blood  by  FACS  analysis,  including  CD4+  and  CD8+  counts 
and  percentages,  in  vitro  lymphocyte  proliferative  assays  including 
responses  to  mitogens  [PHA,  PWM,  Con-A],  soluble  antigens  [Diptheria, 
Tetanus,  Candida  albicans],  alloantigen,  and  anti-CD3  ± IL2;  and 
determination  of  cytotoxic  cell  function 
-HIV  PCR  (donor  only) 

-HIV  ELISA  with  confirmatory  Western  blot 
-serum  p24  antigen 
-quantitative  HIV  cultures  of  plasma 
-p2  microglobulin 

-Quantitative  DNA  polymerase  chain  reaction  (PCR)  of  DNA  extracted 
from  PBMC  utilizing  primers  specific  for  the  neoR  gene 

-PPD  and  tetanus  toxoid  control 
-Tetanus  toxoid  booster 

-urinalysis  including  microscopic 

-chest  x-ray  within  2 weeks  of  entry 

-12-lead  electrocardiogram  within  2 weeks  of  entry 

All  patients  will  have  their  blood  drawn  either  in  the  outpatient  clinic,  day 
hospital,  inpatient  units,  or  in  the  Clinical  Center  phlebotomy  service  area. 

5.5.2  Efficacy  Evaluations 

This  is  a Phase  I/ll  trial  primarily  directed  toward  assessing  safety  and 
toxicity  of  administering  genetically  marked  syngeneic  peripheral 
blood  lymphocytes.  Preliminary  efficacy  data  will  also  be  obtained 
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and  will  include: 


5.5. 2.1  serial  quantitative  determination  of  neoR  gene  in  DNA 
extracted  from  patient's  peripheral  blood  lymphocytes 
by  PCR 

5. 5. 2. 2 serial  determination  of  CD4  and  CD8  counts  and 
percentages,  T cell  proliferative  responses  and 
cytotoxicity 

5.5.2. 3 serial  serum  p24  antigen  levels 

5. 5. 2. 4 serial  quantitative  determination  of  HIV  viremia  . 

Cells,  serum,  and  plasma  will  be  stored  and  these  tests  run  in 
batches. 


5.6  Management  of  Toxicity 

Children  with  SCID  treated  by  bone  marrow  transplantation  have 
been  given  up  to  109  bone  marrow  cells/kg  intravenously;  cell 
infusion  is  usually  without  complications.  In  the  treatment  of  children 
with  ADA  deficiency  with  approximately  2 x 1 genetically-modified 
lymphocytes,  no  complications  other  than  transient  low  grade  fevers 
have  been  observed  in  association  with  the  infusions. 

This  protocol  is  classified  as  research  involving  greater  than  minimal 
risk  but  presenting  the  prospect  of  direct  benefit  to  the  individual 
subject.  Discomforts  to  the  patient  may  include  venipuncture  and/or 
other  modes  of  vascular  access.  Potential  side  effects  that  may  occur 
during  the  cell  infusion  are  chills,  fever,  tachycardia,  nausea, 
vomiting,  and/or  shortness  of  breath.  Cancer  patients  treated  with  IL2' 
infusions  alone  or  with  IL2  plus  2-4x1  Oil  cultured  expanded 
autologous  T cells  have  experienced  transient  symptoms  which  may 
reflect  immune  phenomena  such  as  joint  aches  (not  arthritis)  and  skin 
rashes.  Such  symptoms  occur  in  less  than  1/3  of  patients  and  have 
been  associated  with  IL2  treatment  alone  at  similar  frequencies, 
making  any  potential  contribution  by  the  T cell  infusions  uncertain. 

The  infusion  of  a large  number  of  cells  is  associated  with  additional 
theoretical  risks  that  have  not  been  seen  to  date  in  the  ongoing 
clinical  studies  using  activated  cells  with  or  without  gene 
modification;  these  include  vascular  thrombosis,  pulmonary  embolus, 
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cardiac  arrhythmias,  and  inadvertent  infusion  of  contaminated 
cultures  or  mislabeled  cells. 

Potential  risks  with  the  gene  insertion  portion  of  the  proposal  include 
the  inadvertent  contamination  of  the  retrovirus  preparation  with 
replication  competent  murine  retrovirus  generated  by  a recombination 
event  occurring  in  the  vector  virus  packaging  cell  line.  During 
retroviral-mediated  gene  transfer,  the  cultured  T cells  could  also 
undergo  an  insertional  event  causing  the  malignant  transformation  of 
the  cell.  The  cultured  T cell  population  could  theoretically  contain  cell 
subpopulations  with  potential  undesirable  consequences  for  the 
patient  such  as  autoreactive  ceils.  No  such  effects  have  been 
encountered  to  date  in  any  of  the  clinical  studies  utilizing  gene- 
modified  cells. 

Toxicities  and  adverse  drug  events  (ADRs)  related  to  the 
administration  of  genetically  marked  lymphocytes  will  be  reported 
promptly  to  the  NIAID-Clinical  Research  Subpanel,  (301)  402-2126. 
Notification  of  the  NIAID-CRS  is  required  even  if  there  is  only  a 
suspicion  of  a drug  effect.  Previously  unknown  grade  1,  2, and  3 
reactions  will  be  reported  to  the  NIAID-CRS  in  writing  within  10 
working  days.  Grade  4 (life-threatening)  reactions  and  patient  deaths 
while  on  treatment  will  be  reported  to  the  NIAID-CRS  by  phone  within 
24  hours.  A written  report  will  follow  within  10  working  days. 


Written  reports  will  be  sent  to: 

NIAID-Clinical  Research  Subpanel 
Solar  Bldg,  Room  3A01 
6101  Executive  Blvd. 

Rockville,  Maryland  20852 


and  to  : 


Center  for  Biologies  Evaluation  and  Research 

Food  and  Drug  Administration 

Building  29A 

8800  Rockville  Pike 

Bethesda,  Maryland  20892 
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Decisions  regarding  interruption  and  termination  of  therapy  will  be 
based  upon  the  nature  and  severity  of  those  events  as  outlined  in 
Table  5 and  below: 


TOXICITY  GRADE 

DOSE  MODIFICATION 

1 

No  change 

2 

No  change 

3 

No  change  or  discontii 

therapy 

4 

Discontinue  therapy 

One  of  the  stated  objectives  of  the  protocol  is  to  determine  whether 
treatment  of  the  patient  with  syngeneic  peripheral  blood  T 
lymphocytes  activated  and  expanded  in  tissue  culture  will  have  a 
positive  effect  on  the  spectrum  and  duration  of  immune  reconstitution 
seen  in  the  patient.  The  T lymphocytes  will  be  recovered  from  the 
peripheral  blood  according  to  the  schedule  in  Table  3 to  permit 
sampling  of  the  different  immune  specificities  which  are  predominant 
at  different  time  periods  during  the  patient's  course.  Comprehensive 
immune  evaluation  will  determine  the  immunologic  consequences  of 
the  treatment  given  during  the  protocol.  The  inclusion  and  exclusion 
criterion  (Sections  5.1  and  5.2)  and  study  monitoring  (Section  5.5)  list 
numerous  distinct  immunologic  characteristics  which  will  be 
determined  so  that  retesting  will  be  able  to  accurately  document 
significant  changes  in  the  patient's  immune  status. 

5.7  Reasons  for  Premature  Termination  of  Treatment: 

5.7.1  The  development  of  a life-threatening  malignancy. 

5.7.2  Judgment  of  the  principal  investigator  that  termination  of 
study  participation  is  in  the  patient's  best  interest. 

5.7.3  Grade  IV  toxicity,  grade  III  toxicity  at  the  discretion  of  the 
principal  investigator,  or  the  development  of  another 
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unexpected,  life-threatening  complication  not  described. 

5.7.4  Patient  non-compliance  with  study  medication  and/or 
clinic  appointments. 

5.7.5  Rapid  or  life-threatening  progression  of  Kaposi's 
sarcoma  such  that  institution  of  systemic  anti-tumor 
therapy  (such  as  chemotherapy  or  radiation  therapy) 
would  be  in  the  patient's  best  interest,  as  determined  by 
the  principal  investigator. 

5.7.6  Voluntary  withdrawal:  a patient  may  remove  him/herself 
from  study  at  any  time  without  prejudice. 

5.7.7  Termination  of  the  study  by  the  principal  investigator  or 
the  F.D.A. 


6.0  Study  Endpoints 

6.1  Death 

6.2  Grade  IV  toxicity 

6.3  Voluntary  withdrawal  by  the  patient 

6.4  Judgment  by  the  PI  that  termination  of  treatment  is  in  the 
best  interest  of  the  patient. 


7.0  Statistical  Analysis 

Demographic,  medical  history,  and  physical  examination  data 
obtained  at  the  preadmission  (baseline)  visit  will  be  listed  for  each 
patient  in  the  study.  All  patients  receiving  adoptive  transfers  will  be 
included  in  the  safety  analysis.  Adverse  reaction  or  complaint  data 
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will  be  listed  per  patient  and  will  document  the  nature  of  the 
complaint,  seventy,  relationship  to  study  drug,  course  of  reaction, 
and  action  taken.  Tabulations  will  be  made  of  the  number  of 
patients  with  complaints,  the  number  of  complaints  per  patient, 
complaint  severity  and  relationship  to  lymphocyte  infusion,  and  the 
frequency  of  each  type  of  complaint.  All  data  exclusions,  including 
premature  terminations,  will  be  recorded  and  tabulated. 
Abnormalities  seen  on  physical  examination  will  be  tabulated. 
Laboratory  values  will  be  listed  by  patient  and  abnormalities 
flagged. 

The  statistical  methods  used  in  the  analysis  of  the  clinical  and 
immunologic  safety  data  include  chi-square  and  the  t-test,  as 
indicated. 
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June  26,  1992  (Recipient) 

Consent  for  protocol  entitled  “A  Study  of  the  Safety  and  Survival  of  the 
Adoptive  Transfer  of  Genetically  Marked  Syngeneic  Lymphocytes  in  HIV 
Infected  Identical  Twins” 


You  are  invited  to  participate  in  a study  to  evaluate  the  safety  and  side  effects  of 
administering  genetically  modified  white  blood  cells  (lymphocytes)  to  individuals  with 
HIV-1  infection  . You  are  invited  to  participate  in  this  study  because  you  are  infected 
with  HIV-1  and  because  you  have  an  identical  twin  who  tests  negative  for  HIV. 

To  participate  in  this  study,  your  history,  physical  examination,  and  laboratory 
studies  must  show  that  you  are  able  to  provide  informed  consent,  that  you  do  not  suffer 
from  a serious  emotional  or  psychological  disorder,  that  you  do  not  have  lymphoma  (a 
cancer  of  the  lymph  glands),  and  that  your  expected  survival  is  greater  than  at  least  3 
months.  If  you  have  used  drugs  or  alcohol  to  excess  in  the  past,  or  if  you  are  currently 
using  these  substances,  you  must  agree  to  refrain  from  any  further  use  and  may  be 
asked  to  participate  in  regular  substance  abuse  counseling  and/or  therapy.  If  you  have 
''-pcsi’s  sarcoma  (a  skin  cancer  associated  with  HIV  infection),  you  must  have  had 
this  diagnosis  confirmed  by  a biopsy  specimen  and  must  not  have  received  radiation 
therapy,  chemotherapy,  or  other  intravenous  or  oral  drug  therapy  for  this  tumor  within  4 
weeks  of  beginning  lymphocyte  infusions.  If  you  are  a woman  capable  of  child- 
bearing, you  must  have  a negative  pregnancy  test  within  2 weeks  prior  to  entry  into 
this  study,  and  again  within  24  hours  before  receiving  lymphocyte  infusions.  You  also 
must  agree  to  avoid  pregnancy  during  ybur  participation  in  this  study  through  the  use 
of  effective  birth  control  or  abstinence.  If  you  are  a male  of  reproductive  ability,  you 
must  agree  to  use  effective  barrier  contraception  or  abstinence. 

Before  entering  this  study,  you  may  be  treated  with  zidovudine  (also  called 
azidothymidine  or  AZT),  dideoxyinosine  (ddl),  dideoxycytidine  (ddC),  or  a combination 
of  these  agents  by  your  personal  physician  unless  you  are  unable  to  tolerate  these 
therapies  or  unless  you  wish  to  decline  such  therapy  after  consultation  with  your 
personal  physician.  If  your  CD4+  lymphocyte  count  is  less  than  200  cells  per  cubic 
millimeter,  you  should  also  be  receiving  preventive  therapy  for  Pneumocystis  carinii 
pneumonia  (PCP)  by  your  personal  physician  with  either  aerosolized  pentamidine, 
trimethoprim-sulfamethoxazole  (Bactrim,  Septra),  dapsone,  or  dapsone  plus 
pyrimethamine  unless  you  cannot  tolerate  these  agents  or  unless  you  wish  to  decline 
such  therapy  after  consultation  with  your  personal  physician. 

This  study  has  been  designed  to  evaluate  the  safety  and  tolerance  of 
administering  lymphocytes  that  have  been  removed  from  the  body  of  your  twin, 
marked  (or  labelled)  with  a new  gene  in  the  lab,  stimulated  to  grow  to  large  numbers  of 
cells  in  cell  cultures,  and  then  infused  into  your  veins.  We  hope  to  learn  not  only  about 
the  safety  of  such  cell  transfers,  but  also  about  how  long  these  gene  marked  cells  will 
survive  in  the  bloodstream  after  being  treated  in  this  way. 
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After  you  and  your  twin  have  had  screening  blood  tests,  a tetanus  booster 
injection,  and  a complete  history  and  physical  examination  performed  at  the  NIH,  your 
twin  will  be  scheduled  to  have  a fraction  of  his/her  lymphocytes  removed  from  the 
blood  by  a procedure  called  “lymphapheresis."  This  will  be  performed  in  the 
Apheresis  Unit  of  the  NIH  Blood  Bank.  These  lymphocytes  will  then  be  separated  into 
CD4  (T4)  and  CD8  (T8)  cells  and  grown  separately  in  the  lab.  After  1 to  4 days,  a new 
gene  will  be  introduced  into  the  cells.  The  process  involved  in  introducing  the  new 
gene  is  accomplished  by  first  inserting  the  gene  into  a vector  (i.e.,  an  organism  that 
carries  material  from  one  cell  to  another).  This  vector  is  prepared  from  a disabled 
mouse  retrovirus.  The  vector  is  mixed  with  the  cells  in  the  laboratory,  enters  the  cells, 
and  inserts  the  new  gene  into  the  cells’  genetic  material  (chromosomes).  Once 
inserted,  the  new  gene  will  survive  as  long  as  the  cell  survives.  The  new  gene  that  will 
be  used  is  derived  from  bacteria  and  wiil  enable  the  cells  that  contain  it  to  resist  the  . 
cell-killing  effects  of  the  antibiotic  neomycin  (neoR  gene).  This  gene  is  being  selected 
for  use  in  this  study  because  it  has  been  used  safely  and  successfully  in  a number  of 
other  human  and  animal  studies.  By  inserting  the  neoR  gene  into  the  lymphocytes,  we 
will  be  able  to  distinguish  these  modified  lymphocytes  from  those  your  body  normally 
produces  once  the  cells  have  been  infused  into  your  bloodstream.  We  plan  to  use  two 
different  neoR  genes,  which  both  make  cells  resistant  to  neomycin  but  which  differ 
from  each  other  in  terms  of  their  molecular  structure,  to  mark  your  cells.  One  neoR 
gene  will  be  used  to  mark  CD4  cells,  while  the  other  neoR  gene  will  be  used  to  fnark 
CD8  cells.  In  this  way,  we  will  be  able  to  monitor  the  survival  of  CD4  cells  and  CD8 
cells  separately  once  they  have  been  infused  into  your  bloodstream. 

After  the  lymphocytes  are  marked  with  the  new  genes,  they  will  be  expanded  in 
cell  cultures  up  to  1 ,000  times  the  original  number  of  cells  obtained.  The  time  required 
to  achieve  these  numbers  of  cells  is  approximately  10  days  to  2 weeks  from  the  time 
your  twin  undergoes  lymphapheresis.  Once  the  desired  numbers  of  cells  have  been 
attained,  you  will  come  to  the  NIH  Clinical  Center  to  receive  these  cells  by  intravenous 
infusion.  We  plan  to  repeat  this  process  approximately  every  6 weeks  for  a total  of  3 
cell  infusions. 

For  the  first  cell  infusion,  you  will  be  admitted  to  the  inpatient  wards  of  the  NIH 
Warren  G.  Magnuson  Clinical  Center.  An  intravenous  catheter  will  be  inserted  into  an 
arm  vein.  However,  if  a suitable  vein  cannot  be  found,  you  may  need  to  have  a special 
intravenous  catheter  placed  into  a large  vein  in  the  neck  or  chest.  This  procedure 
would  require  local  anesthesia  (lidocaine  or  novacaine®)  and  would  be  performed  by 
a physician  in  the  intensive  care  unit.  Once  an  intravenous  catheter  is  established,  the 
gene  marked  cells  obtained  from  your  twin  will  be  infused  over  60  minutes.  During  the 
infusion  and  for  the  next  24  hours  your  vital  signs  (temperature,  pulse,  blood  pressure, 
respirations),  blood  oxygen  concentration,  and  urine  output  will  be  monitored 
regularly,  as  outlined  in  the  protocol.  Blood  samples  will  be  obtained  from  you  at  1 , 2, 
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4,  and  6 hours  after  the  start  of  the  infusion  to  monitor  for  the  presence  of  the  neoR 
gene.  If  there  are  no  complications,  you  may  be  discharged  from  the  hospital  the 
following  day,  but  will  need  to  return  to  the  NIH  daily  for  the  first  week  for  blood  tests 
and  then  weekly  for  the  next  5 weeks. 

For  the  second  and  third  infusions,  the  identical  schedule  of  tests  and  frequency 
of  visits  wiil  be  followed.  However,  if  the  first  infusion  was  uncomplicated,  these 
subsequent  infusions  may  be  administered  on  an  outpatient  basis  and  monitoring  of 
vital  signs,  etc.,  may  last  for  4 hours  (rather  than  24  hours,  as  was  done  for  the  first 
infusion),  at  the  discretion  of  the  principal  investigator.  If  any  cell  infusion  is 
complicated  by  significant  side  effects,  all  subsequent  infusions  will  be  performed  on 
an  inpatiem  basis  with  monitoring  for  at  least  24  hours  post  infusion,  at  the  discretion 
of  the  princoal  investigator. 

For  tne  first  week  after  each  lymphocyte  infusion,  we  will  monitor  on  a daily 
basis  CD4  counts,  plasma  viremia  and  p24  antigen  levels  for  the  amount  of  HIV  in  the 
bloodstream,  and  the  presence  of  the  neoR  gene  in  the  lymphocytes.  Thereafter 
these  tests  and  others  monitoring  blood  and  urine  chemistry,  blood  counts,  and 
markers  of  immune  function  wiil  be  obtained  weekly.  As  the  study  proceeds  and  as  we 
learn  more  about  the  tolerance  of  the  cell  infusions,  we  may  reduce  the  frequency  of 
those  tests  scheduled  on  a daily  and  weekly  basis,  at  the  discretion  of  the  principal 
investigator.  Six  weeks  after  the  third  lymphocyte  infusion  has  been  administered, 
visits  to  the  NIH  will  be  scaled  back  to  monthly.  Six  months  after  the  third  lymphocyte 
infusion,  ycur  participation  in  the  protocol  will  be  completed  and  you  will  return  to  the 
sole  care  of  your  private  physician. 

The  Drocedures  involved  in  this  study  carry  several  potential  risks.  The  risks 
can  be  diviced  into  those  related  to  the  gene  modification,  those  related  to  cell 
infusions,  and  those  related  to  the  other  protocol  procedures.  The  risks  related  to 
gene  modification  are  theoretical  risks;  to  date,  a small  but  important  series  of  gene 
marking  ana  gene  therapy  experiments  in  humans  demonstrates  no  side  effects, 
toxicities,  or  other  ill  effects  due  to  gene  modification  of  cells  using  retroviraJ  vectors. 
Even  thougn  the  vector  used  to  transfer  the  neomycin  resistance  genes  into  the  cells 
cannot  grow  and  is  considered  harmless  to  humans,  it  is  possible  that  events  could 
occur  within  the  cell  that  would  permit  the  vector  to  grow  and/or  make  the  cell 
cancerous.  For  instance,  in  several  monkeys  that  received  gene  marked  cells  using  a 
retroviral  vector  as  part  of  a bone  marrow  reconstitution  experiment,  lymphomas 
(cancers  of  the  lymph  glands)  did  occur.  However,  this  was  an  extraordinarily  unique 
experiment  where  the  monkeys  were  exposed  to  the  disabled  mouse  retroviral  vector 
as  well  as  a second  helper  virus.  Experimental  evidence  from  this  study  shows  that 
the  helper  virus,  which  is  capable  of  self-replication,  and  not  the  mouse  retroviral 
vector,  was  responsible  for  the  cancers.  In  other  animal  and  in  human  experiments, 
where  now  more  than  30  patients  have  received  gene-modified  cells,  no  evidence  for 


[318] 


Recombinant  DNA  Research,  Volume  16 


RECIPIENT  CONSENT 
PAGE  4 


the  presence  of  helper  virus  has  been  seen  and  no  lymphomas  or  other  cancers 
related  to  the  gene  modified  cells  have  occurred. 

Another  theoretical  risk  is  that  the  neoR  gene  may,  by  randomly  inserting  into 
the  chromosome,  disrupt  a gene  essential  for  maintaining  cell  function  and  that 
particular  cell  might  die.  Since  cells  that  contain  the  neoR  gene  will  be  able  to 
inactivate  the  antibiotics  neomycin  and  amikacin,  participants  in  this  study  may 
developLresistance  to  these  antibiotics.  If  a bacterial  infection  should  develop,  these 
antibiotics  would  not  be  suitable  for  treatment  and  alternative  agents  (such  as 
gentamicin  or  tobramycin)  would  need  to  be  administered. 

The  risks  of  infusing  white  blood  cells,  independent  of  gene  marking,  include 
fevers,  chills,  muscle  aches, joint  aches,  local  pain  and  redness  at  the  site  of  infusion, 
skin  rash,  and  severe  allergic  reactions.  Depending  on  the  severity  of  the  reaction,  the 
infusions  may  be  slowed  or  stopped.  In  addition,  medications  such  as  aspirin, 
acetaminophen  (Tylenol®),  ibuprofen  (Motrin®),  meperidine  (Demerol®),  or 
antihistamines  may  be  administered  for  relief  of  symptoms.  In  the  unlikely  event  that 
the  cell  cultures  become  contaminated  with  bacteria  or  fungus,  infusion  of  the 
contaminated  cells  may  lead  to  infection  of  the  bloodstream  that  may  spread  to  other 
organs.  To  further  reduce  the  potential  for  this  already  unlikely  event  to  occur,  the  cell 
cultures  will  be  monitored  regularly  for  contamination  up  to  the  time  of  infusion.  In  the 
event  of  a severe  reaction  to  the  cells,  emergency  life  support  and  skilled  personnel 
will  be  immediately  available.  Other  theoretical,  but  extremely  rare,  risks  include  blood 
clots  that  may  form  in  your  veins,  irregular  heart  beat,  and  sudden  death.  - 

The  placement  of  an  intravenous  catheter  in  an  arm  vein  may  be  associated 
with  localized  pain  and  redness,  and  rarely,  infection.  If  a central  line  must  be  placed 
into  a larger  vein  of  the  neck  or  chest,  additional  risks  must  be  considered;  these 
include:  infection,  local  irritation  about  the  incision  sites,  and  rarely,  t?leeding  in  the 
chest  cavity  or  a punctured  lung.  Should  a central  line  be  required,  the  potential  risks 
will  be  discussed  with  you  in  greater  detail  and  you  will  be  asked  to  sign  another 
consent  form  for  that  procedure. 

In  addition  to  the  possible  risks  already  mentioned,  you  will  be  subjected  to  the 
risks  of  blood  drawing.  These  include  pain,  redness,  and  swelling  at  the  site  of  blood 
drawing  and,  rarely,  fainting.  Each  time,  about  2 to  10  tablespoons  of  blood  will  be 
drawn.  The  amount  of  blood  drawn  will  not  exceed  30  tablespoons  (450  ml)  in  a six- 
week  period,  which  is  within  the  guidelines  set  by  the  Clinical  Center  of  the  National 
Institutes  of  Health. 

We  must  emphasize  that  the  technique  of  retroviral-mediated  gene  transfer  has 
not  been  used  extensively  in  humans  and  has  never  been  used  in  individuals  infected 
with  HIV-1 . Because  this  is  the  first  gene  transfer  experiment  in  HIV-infected  humans, 
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it  is  possible  that  despite  all  of  our  efforts,  other  unforeseen,  perhaps  serious  and  life- 
threatening,  problems  may  occur. 

The  potential  benefit  to  you  would  be  improved  treatment  of  HIV  infection  using 
a new  therapeutic  approach  that  you  tolerate  well.  The  potential  benefit  to  others 
would  be  the  development  of  further  knowledge  about  the  safety,  side  effects,  and 
survival  of  gene  marked  cells  when  given  to  HIV-infected  patients,  and  possibly  the 
development  of  a new  strategy  for  treating  HIV  infection. 

Therapy  for  HIV  infection  is  an  area  of  intense  research.  Zidovudine  has  been 
shown  to  be  of  benefit  and  is  currently  licensed  for  treating  HIV  infection  in  those  with 
less  than  500  CD4  cells.  Dideoxyinosine  (ddl)  has  recently  been  approved  by  the 
FDA  for  the  treatment  of  patients  who  either  cannot  tolerate  or  who  are  no  longer 
responding  to  zidovudine.  A third  drug,  dideoxycytidine  (ddC),  is  also  licensed  for  the 
treatment  of  HIV  infection  in  combination  with  zidovudine.  In  addition  to  these 
available  antiviral  drugs,  preventing  PCP  with  oral  trimethoprim-sulfamethoxazole  or 
aerosolized  pentamidine  has  also  been  shown  to  prolong  the  lives  of  patients  at  risk 
for  PCP.  Other  potentially  promising  therapies  for  HIV  infection  are  under  study  and 
may  be  available  to  you  at  this  or  another  institution. 

In  certain  circumstances,  some  patients  may  need  to  terminate  their 
participation  in  the  study.  You  are  free  to  withdraw  at  any  time  and  for  any  reason 
without  prejudice  from  the  investigators.  Serious  side  effects  may  cause  you  to  be 
removed  from  the  study  at  the  discretion  of  the  principal  investigator.  Other  reasons  for 
terminating  your  participation  on  the  protocol  include:  the  development  of  a life- 
threatening  malignancy;  noncompliance  with  clinic  visits  and  other  terms  of  the 
protocol;  termination  of  the  study  by  the  principal  investigator  or  the  FDA;  judgment  of 
the  principal  investigator  that  it  is  in  your  best  medical  interest  to  leave  the  study. 

There  is  no  cost  to  you  for  the  procedures  associated  with  this  study,  but  if  you 
require  medical  care  at  other  institutions  or  from  other  physicians  during  the  course  of 
this  study,  you  or  your  insurance  will  be  charged  for  this  care.  Antiviral  therapies  such 
as  AZT,  ddl,  and  ddC,  and  PCP  prophylaxis  will  not  be  provided  by  the  NIH  and  must 
be  prescribed  when  indicated  by  your  personal  physician.  Once  your  participation  in 
this  protocol  is  completed,  you  will  not  be  eligible  for  continuing  care  at  NIH,  but  your 
doctors  at  NIH  will  be  glad  to  provide  telephone  consultation  to  your  home  doctor  at 
any  time.  If  physical  injury  results  from  your  participation  in  this  study,  immediate 
necessary  medical  care  will  be  provided,  but  there  is  no  provision  for  free  medical  care 
or  for  monetary  compensation  for  such  injury.  Letters  and  results  of  tests  performed  at 
the  NIH  will  be  sent  to  your  personal  physician,  and  you  are  encouraged  to  remain  in 
close  contact  with  your  doctor.  You  must  receive  routine  medical  care  from  your  own 
physician,  and  you  may  not  rely  on  the  NIH  for  general  medical  care. 
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Because  you  are  known  to  be  infected  with  HIV,  you  should  be  aware  of  the 

following  Clinical  Center  HIV  policy: 

1 . Your  physician  and/or  the  Clinical  Center  HIV  counselor  will  offer  you,  and  any 
current  and/or  ongoing  sexual  partner(s)  (spouses  are  generally  considered  to 
be  current  or  ongoing  sexual  partners)  or  needle-sharing  partner(s)  you  identify, 
information  on  how  to  prevent  the  spread  of  HIV  infection. 

2.  Because  the  virus  may  be  transmitted  in  several  ways,  it  is  important  that  you 
inform  sexual  and/or  needle-sharing  partner(s)  that  any,  or  all,  of  them  may 
have  been  exposed  to  the  HIV  virus  and  encourage  them  to  be  tested.  If  you 
request  it,  staff  at  the  Clinical  Center  will  assist  you  in  notifying  your  partner(s) 
and  arrange  counseling  for  them  through  an  HIV  counselor. 

3.  Your  diagnosis  of  HIV  infection  or  AIDS  will  become  a part  of  your  Clinical 
Center  medical  record  and,  as  such,  will  be  protected  from  unauthorized 
disclosure  by  the  Federal  Privacy  Act  of  1974.  In  general,  access  to  your 
medical  record  will  be  restricted  to  those  health  care  professionals  directly 
involved  in  your  care  or  in  the  conduct  of  ongoing  biomedical  research,  and 
information  is  not  usually  released  to  other  third  parties  without  your  permission 
or  that  of  your  designated  representative.  However,  there  are  some  particular 
routine  uses  of  such  information  of  which  you  should  be  aware: 

a.  If  you  are  unwilling  or  unable  to  notify  your  partner(s)  of  your  HIV 

infection,  the  Clinical  Center  is  responsible  for  attempting  to 
contact  and  inform  them  of  their  possible  exposure  to  the  virus. 
Reasonable  attempts  will  be  made  to  protect  your  identify  . 
including  withholding  your  name  when  notifying  any  partner(s)  of 
their  possible  exposure.  Some  notification  or  counseling  of 
current  an/or  ongoing  partners  may  be  carried  out  through 
arrangements  with,  or  referral  to,  local  public  health  agencies. 

b.  Letters  and  a summary  of  your  care  at  the  Clinical  Center  will  be  sent  to  the 
physician  who  referred  you  here  for  treatment. 

c.  The  Clinical  Center  may  report  certain  communicable  diseases,  including 
symptomatic  HIV  infection  and  AIDS,  to  appropriate  State  and  Federal 
government  agencies. 

d.  Your  records  may  be  reviewed  by  representatives  of  the  Food  and  Drug 
Administration  (FDA)  as  a part  of  their  monitoring  of  the  trial.  If  any  information 
about  you  is  to  be  used  in  a publication  or  scientific  presentation,  you  will  not 
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be  identified  by  name  or  face. 

If  you  have  any  questions  regarding  HIV  testing  or  the  information  provided  above,  you 
are  encouraged  to  discuss  them  with  your  physician  and/or  a Clinical. Center  HIV 
counselor  (301-496-8955). 
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Consent  for  protocol  entitled  “A  Study  of  the  Safety  and  Survival  of  the 
Adoptive  Transfer  of  Genetically  Marked  Syngeneic  Lymphocytes  in  HIV 
Infected  Identical  Twins” 


You  are  invited  to  participate  in  a study  to  evaluate  the  safety  and  side  effects  of 
administering  genetically  modified  white  blood  cells  (lymphocytes)  to  individuals  with 
HIV-1  infection  . You  are  invited  to  participate  in  this  study  because  you  have  an 
identical  twin  who  is  infected  with  HIV-1  and  because  you  test  negative  for  HIV. 

To  participate  in  this  study,  your  history,  physical  examination,  and  laboratory 
studies  must  show  that  you  are  able  to  provide  informed  consent  and  that  you  are  in 
good  health.  If  you  have  used  drugs  or  alcohol  to  excess  in  the  past,  or  if  you  are 
currently  using  these  substances,  you  must  agree  to  refrain  from  any  further  use  and 
may  be  asked  to  participate  in  regular  substance  abuse  counseling  and/or  therapy. 

This  study  has  been  designed  to  evaluate  the  safety  and  tolerance  of 
administering  lymphocytes  that  have  been  removed  from  your  blood,  marked  (or 
labelled)  with  a new  gene  in  the  lab,  stimulated  to  grow  to  large  numbers  of  cells  in 
cell  cultures,  and  then  infused  into  your  twin.  We  hope  to  learn  not  only  about  the 
safety  of  such  cell  transfers,  but  also  about  how  long  these  gene  marked  cells  will 
survive  in  the  bloodstream  after  being  treated  in  this  way. 

After  you  and  your  twin  have  had  screening  blood  tests,  a tetanus  booster 
injection,  and  a complete  history  and  physical  examination  performed  at  the  NIH,  you 
will  be  scheduled  to  have  a fraction  of  your  lymphocytes  removed  from  the  blood  by  a 
procedure  called  “lymphapheresis.”  This  will  be  performed  in  the  Apheresis  Unit  of  the 
NIH  Blood  Bank.  These  lymphocytes  will  then  be  separated  into  CD4  (T4)  and  CD8 
(T8)  cells  and  grown  separately  in  the  lab.  After  1 to  4 days,  a new  gene  will  be 
introduced  into  the  cells.  The  process  involved  in  introducing  the  new  gene  is 
accomplished  by  first  inserting  the  gene  into  a vector  (i.e.,  an  organism  that  carries 
material  from  one  cell  to  another).  This  vector  is  prepared  from  a disabled  mouse 
retrovirus.  The  vector  is  mixed  with  the  cells  in  the  laboratory,  enters  the  cells,  and 
inserts  the  new  gene  into  the  cells’  genetic  material  (chromosomes).  Once  Inserted, 
the  new  gene  will  survive  as  long  as  the  cell  survives.  The  new  gene  that  will  be  used 
is  derived  from  bacteria  and  will  enable  the  cells  that  contain  it  to  resist  the  cell-killing 
effects  of  the  antibiotic  neomycin  (neoR  gene).  This  gene  is  being  selected  for  use  in 
this  study  because  it  has  been  used  safely  and  successfully  in  a number  of  other 
human  and  animal  studies.  By  inserting  the  neoR  gene  into  the  lymphocytes,  we  will 
be  able  to  distinguish  these  modified  lymphocytes  from  those  normally  produced  in  the 
body  after  the  cells  have  been  infused  into  your  sibling’s  bloodstream.  We  plan  to  use 
two  different  neoR  genes,  which  both  make  cells  resistant  to  neomycin  but  which  differ 
from  each  other  in  terms  of  their  molecular  structure,  to  mark  your  cells.  One  neoR 
gene  will  be  used  to  mark  CD4  cells,  while  the  other  neoR  gene  will  be  used  to  mark 
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CD8  cells.  In  this  way,  we  will  be  able  to  monitor  the  survival  of  CD4  cells  and  CD8 
cells  separately  once  they  have  been  infused. 

After  the  lymphocytes  are  marked  with  the  new  genes,  they  will  be  expanded  in 
cell  cultures  up  to  1 ,000  times  the  original  number  of  cells  obtained.  The  time  required 
to  achieve  these  numbers  of  cells  is  approximately  10  days  to  2 weeks  from  the  time 
you  undergo  lymphapheresis.  Once  the  desired  numbers  of  cells  have  been  attained, 
you  twin  will  come  to  the  NIH  Clinical  Center  to  receive  these  cells  by  intravenous 
infusion.  We  plan  to  repeat  this  process  approximately  every  6 weeks  for  a total  of  3 
cell  infusions. 

Lymphapheresis  is  a procedure  where  white  blood  cells  are  separated  from  the 
other  constituents  of  blood.  Blood  flows  out  of  your  body  via  a catheter,  which  is 
usually  inserted  into  an  arm  vein,  and  is  separated  into  blood  fractions  using 
centrifugal  force  either  manually  or  through  a machine.  The  plasma  (fluid  component 
of  blood)  and  red  blood  cells  are  returned  to  you  via  either  the  same  or  a second 
catneter,  while  the  white  blood  cells  are  removed  to  be  infused  in  your  twin  later.  The 
procedure  may  take  from  1 to  4 hours.  Complications  of  lymphapheresis  include  pain 
and  bleeding  at  the  catheter  puncture  site,  fainting,  temporary  numbness  and  tingling, 
and  machine  malfunction.  The  commonest  form  of  machine  malfunction  is  a leak  or 
crack  in  the  tubing  through  which  the  blood  circulates.  The  risk  of  such  an  occurrence 
in  our  blood  bank  is  1 in  1000  lymphapheresis  sessions.  Should  this  happen,  you 
may  lose  as  much  as  1 unit  (1  pint)  of  whole  blood.  One  unit  of  blood  is  the  standard 
amount  taken  when  a normal  volunteer  makes  a blood  donation.  In  a previous  bone 
marrow  transplant  study  similar  to  this  one,  where  14  donors  each  underwent  6 
lymphaphereses  sessions  no  significant  machine  malfunctions  occurred. 

The  potential  benefit  of  participating  in  this  study  is  that  you  may  be  contributing 
to  the  improved  treatment  of  your  identical  twin.  The  potential  benefit  to  others  would 
be  the  development  of  further  knowledge  about  the  use  and  side  effects  of  this 
approach  for  treating  HIV-infected  patients,  and  possibly  the  development  of  a new 
strategy  for  treating  HIV  infection. 

There  is  no  cost  to  you  for  the  procedures  associated  with  this  study,  but  if  you 
require  medical  care  at  other  institutions  or  from  other  physicians  during  the  course  of 
this  study,  you  or  your  insurance  will  be  charged  for  this  care.  If  physical  injury  results 
from  your  participation  in  this  study,  immediate  necessary  medical  care  will  be 
provided,  but  there  is  no  provision  for  free  medical  care  or  for  monetary  compensation 
for  such  injury.  Letters  and  results  of  tests  performed  at  the  NIH  will  be  sent  to  your 
personal  physician,  and  you  are  encouraged  to  remain  in  close  contact  with  your 
doctor.  You  must  receive  routine  medical  care  from  your  own  physician,  and  you  may 
not  rely  on  the  NIH  for  general  medical  care. 
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As  part  of  your  participation  in  this  study,  it  will  be  necessary  to  test  your  blood 
for  the  presence  of  antibodies  to  the  Human  Immunodeficiency  Virus.  Although  you 
have  been  selected  for  this  study  because  of  a history  of  being  HIV  negative,  you 
should  be  aware  of  the  following  Clinical  Center  HIV  Testing  Policy  in  the  event  that 
your  HIV  test  is  found  to  be  positive: 

1 . Your  physician  and/or  the  Clinical  Center  HIV  counselor  will  offer  you,  and  any 
current  and/or  ongoing  sexual  partner(s)  (spouses  are  generally  considered  to 
be  current  or  ongoing  sexual  partners)  or  needle-sharing  partner(s)  you  identify, 
information  on  how  to  prevent  the  spread  of  HIV  infection. 

2.  Because  the  virus  may  be  transmitted  in  several  ways,  it  is  important  that  you 
inform  sexual  and/or  needle-sharing  partner(s)  that  any,  or  all,  of  them  may 
have  been  exposed  to  the  HIV  virus  and  encourage  them  to  be  tested.  If  you 
request  it,  staff  at  the  Clinical  Center  will  assist  you  in  notifying  your  partner(s) 
and  arrange  counseling  for  them  through  an  HIV  counselor. 

3.  Your  diagnosis  of  HIV  infection  or  AIDS  will  become  a part  of  your  Clinical 
Center  medical  record  and,  as  such,  will  be  protected  from  unauthorized 
disclosure  by  the  Federal  Privacy  Act  of  1974.  In  general,  access  to  your 
medical  record  will  be  restricted  to  those  health  care  professionals  directly 
involved  in  your  care  or  in  the  conduct  of  ongoing  biomedical  research,  and 
information  is  not  usually  released  to  other  third  parties  without  your  permission 
or  that  of  your  designated  representative.  However,  there  are  some  particular 
routine  uses  of  such  information  of  which  you  should  be  aware: 

a.  If  you  are  unwilling  or  unable  to  notify  your  partner(s)  of  your  HIV  infection,  the 
Clinical  Center  is  responsible  for  attempting  to  contact  and  inform  them  of  their 
possible  exposure  to  the  virus.  Reasonable  attempts  will  be  made  to  protect 
your  identify  including  withholding  your  name  when  notifying  any  partner(s)  of 
their  possible  exposure.  Some  notification  or  counseling  of  current  an/or 
ongoing  partners  may  be  carried  out  through  arrangements  with,  or  referral  to, 
local  public  health  agencies. 

b.  Letters  and  a summary  of  your  care  at  the  Clinical  Center  will  be  sent  to  the 
physician  who  referred  you  here  for  treatment. 

c.  The  Clinical  Center  may  report  certain  communicable  diseases,  including 
symptomatic  HIV  infection  and  AIDS,  to  appropriate  State  and  Federal 
government  agencies. 

d.  Your  records  may  be  reviewed  by  representatives  of  the  Food  and  Drug 
Administration  (FDA),  and  the  drug  company  that  is  sponsoring  this  study  as  a 
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part  of  their  monitoring  of  the  trial.  If  any  information  about  you  is  to  be  used  in 
a publication  or  scientific  presentation,  you  will  not  be  identified  by  name  or 
face. 

If  you  have  any  questions  regarding  HIV  testing  or  the  information  provided  above,  you 
are  encouraged  to  discuss  them  with  your  physician  and/or  a Clinical  Center  HIV 
counselor  (301-496-8955). 
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Scientific  Abstract 


This  is  phase  I/ll  pilot  project  will  evaluate  the  survival,  tolerance,  safety,  and  efficacy  of 
infusions  of  activated,  gene  marked,  syngeneic  T lymphocytes  obtained  from  HIV 
seronegative  identical  twins  on  the  functional  immune  status  of  HIV  infected  twin 
recipients.  T cells  from  each  seronegative  twin  will  be  obtained  by  periodic  apheresis, 
separated  into  CD4  and  CD8  enriched  populations  by  monoclonal  antibody  affinity 
techniques,  induced  to  polyclonal  proliferation  with  anti-CD3  and  rlL-2  stimulation, 
transduced  with  distinctive  NeoR  retroviral  vectors,  and  expanded  10-1000-fold  during 
approximately  2 weeks  in  tissue  culture.  The  marked  T cell  populations  will  then  be 
infused  into  the  HIV  infected  twin  and  the  survival  of  the  uniquely  marked  T cells  will 
be  monitored  by  vector  specific  PCR,  while  the  HIV  infected  recipient’s  functional 
immune  status  will  be  monitored  by  standard  in  vitro  and  in  vivo  tests.  A total  of  3 
treatments  will  be  given  at  intervals  of  6 weeks  to  each  patient. 


Non-technical  Abstract 

HIV  infection  cripples  a person’s  immune  system,  especially  his  T lymphocytes.  This 
study  will  see  if  transferring  healthy  T lymphocytes  which  are  immunologically 
matched  with  the  patient  will  help  the  immune  system  of  the  HIV  infected  person. 
Lymphocytes  from  the  blood  of  an  HIV  noninfected  identical  twin  will  be  removed  in  a 
manner  similar  to  blood  donation.  They  will  be  grown  in  a tissue  culture  laboratory  for 
1 to  2 weeks.  During  this  time  they  will  be  activated  with  OKT3  which  is  a monoclonal 
antibody  and  IL-2  which  is  a hormone  of  the  immune  system.  They  will  also  be 
separated  into  two  populations:  helper  cells  (CD4)  and  effecter  cells  (CD8).  They  will 
also  be  treated  with  a modified  retrovirus  that  contains  a gene  sequence  that  will 
uniquely  identify  the  cells’  DNA.  This  retrovirus  is  not  like  HIV,  nor  can  it  spread  from 
cell  to  cell.  It  will  not  produce  an  infection.  The  purpose  of  the  gene  insertion  with  the 
retrovirus  is  to  be  able  to  find  and  identify  the  donor’s  cells  after  after  they  have  been 
infused  into  the  HIV  infected  recipient.  The  gene  transfer  will  not  make  the  transfused 
lymphocytes  more  effective.  After  the  cells  are  grown  and  treated  they  will  be  infused 
into  the  HIV  infected  twin.  Each  patient  will  have  3 treatments  separated  by  6 weeks. 
Periodically  the  HIV  infected  twin  will  have  tests  of  his  immune  system  to  see  if  the 
transfused  cells  are  helping.  In  addition,  special  tests  (called  PCR)  will  be  done  on  the 
DNA  from  his  blood  lymphocytes  to  see  if  the  transfused  cells  are  still  present  in  the 
circulation,  to  learn  how  long  they  will  circulate,  and  to  see  if  there  is  a difference  in  the 
survival  of  the  helper  and  effecter  lymphocytes.. 
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FRED  HUTCHINSON  CANCER  RESEARCH  CENTER 
UNIVERSITY  OF  WASHINGTON  SCHOOL  OF  MEDICINE 
DEPARTMENT  OF  MEDICINE,  DIVISION  OF  ONCOLOGY 

(2/12/91) 

1.  Phase  I/H  Study  of  the  Use  of  Recombinant  Human  Interleukin  3 (rhJL3)  Stimulated 
Peripheral  Blood  Progenitor  Cell  Supplementation  in  Autologous  Bone  Marrow  Transplantation 
in  Patients  with  Breast  Cancer  or  Hodgkin  Disease 

Investigators:  John  Nemunaitis,  M.D.,  Associate  in  Clinical  Research,  FHCRC;  J.  Singer,  MD., 
Professor  of  Medicine,  UW  (764-2709);  CD.  Buckner,  M.D.,  Professor  of  Medicine,  UW  (467- 
4324);  Associates:  F.R.  Appelbaum,  M.D.,  Professor  of  Medicine,  UW  (467-4412);  C.  Anasetti, 
Assistant  Member,  FHCRC  (467-5047);  R.  Andrews,  M.D.,  Assistant  Professor  of  Pediatrics, 
UW  (467-4263);  W.  Bensinger,  M.D.,  Associate  Professor  of  Medicine,  UW  (467-4933);  R.  Hill, 
M.D.,  Associate  Clinical  Professor  of  Medicine,  UW  (467-4347);  R.  Storb,  M.D.,  Professor  of 
Medicine,  UW  (467-4407);  K.  Sullivan,  M.D.,  Associate  Professor  of  Medicine,  UW  (467-4416); 
E.D.  Thomas,  M.D.,  Professor  of  Medicine,  UW  (467-4329);  JA.  Hansen,  M.D.,  Professor  of 
Medicine,  UW  (467-5111).  24-hour  phone  206/467-4369.  Study  Nurse  583-1986. 

2.  Introduction 

Delayed  neutrophil  and  platelet  recovery  after  autologous  bone  marrow  transplantation 
(BMT)  correlate  with  increased  infectious  and  bleeding  complications.  Despite  enhanced 
n ophil  and  platelet  recoveiy  with  rhGM-CSF  therapy  following  BMT,  the  time  of 
pancytopenia  remains  significant  This  protocol  will  be  done  in  two  phases.  First  peripheral 
blood  cells  will  be  administered  to  patients  receiving  rhGM-CSF  after  autologous  BMT. 

Second,  patients  will  receive  peripheral  blood  cells  pre-stimulated  with  rhIL3  followed  by 
autologous  BMT  and  rhGM-CSF.  The  purpose  of  this  study  is  to  evaluate  two  methods  of 
potentially  reducing  the  time  in  which  the  ANC  remains  below  100  mm3  after  ABMT  using  a 
combination  of  peripheral  blood  cells,  bone  marrow  and  cytokines. 

3.  Background 

Morbidity  and  mortality  of  BMT  is  correlated  with  the  duration  and  severity  of 
myelosuppression.  Patients  have  a substantial  risk  of  bleeding  and  infection  preceding  marrow 
recovery  (1-5).  Possible  methods  of  reducing  the  duration  and  severity  of  myelosuppression 
include  stimulation  of  recovering  hematopoietic  cells  with  cytokines  such  as  rhGM-CSF  (6,7,8), 
rhG-CSF  (10),  rhILl  (11),  rhIL3  (12),  and  combinations  of  these  (13-16).  In  Seattle,  a double 
blinded  randomized  prospective  trial  administering  rhGM-CSF  or  placebo  to  patients  with 
lymphoid  malignancy  after  autologous  BMT  was  recently  completed.  Results  of  median  values 
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p sration  of  significantly  more  early  progenitors  than  rhGM-CSF  (37-42).  Additionally, 
when  rh!L3  is  combined  with  rhGM-CSF  in  vitro  (38^9,43)  or  administered  prior  to  rhGM-CSF 
in  vivo  tremendous  synergy  occurs  when  compared  to  either  agent  alone  (see  figure  2)  (10, 
14-16). 

RhIL3  has  been  administered  to  animals  resulting  in  mild  to  moderate  neutrophilia  and 
thrombocytosis  (43,44).  In  patients  with  refractory  cancer  at  doses  ranging  from  60  to  500 
pg/mVday  x 15  days  no  significant  toxicity  was  observed  and  significant  increases  in  neutrophils, 
monocytes,  platelets,  reticulocyte  and  eosinophil  was  produced  at  the  higher  doses  suggesting 
biological  activity  although  the  rise  in  counts  was  delayed  7-10  days  after  administration  (45). 
Other  patients  with  marrow  graft  failure  have  received  doses  of  rh!L3  up  to  500  pg/n^/day  by  4 
hour  intravenous  infusion  for  28  days  with  minimal  toxicity  (low  grade  fevers  or  mild 
headaches)  (46).  In  animal  trials  rhIL3  has  been  administered  at  the  same  time  as  rhGM-CSF, 
however,  the  degree  of  neutrophilia  and  megakaryopoiesis  was  not  better  than  rhIL3  or  rhGM- 
CSF  alone  (10,46).  However,  in  monkeys  who  underwent  autologous  BMT  and  received  rhIL3 
prior  to  administration  of  rhGM-CSF  a marked  enhancement  of  neutrophilia  and 
megakaiyopoiesis  was  observed  compared  to  prospective  untreated  controls  in  monkeys 
receiving  only  rh!L3  or  only  rhGM-CSF  at  the  same  doses  (14-16)  (see  figure  3). 

Toxicity  in  animals  has  been  observed  with  rhIL3  at  higher  doses  than  used  in  human 
trials.  High  doses  of  rhIL3  (>30  pg/kg/day  x 21  days)  in  non-transplanted  monkeys  stimulated 
the  production  of  several  thousand  basophil/mm3.  Elevated  levels  of  histamine  IgE  titers  and 
ESR  were  detected  in  animals  with  elevated  basophil  levels  (10).  This  correlated  with  the 
te^norary  development  of  hives.  Histologic  analysis  of  organs  from  animals  who  received  high 
c j of  rh!L3  (>  30  pg/kg/day)  revealed  trace  to  severe  hepatic,  portal,  fibrosis  and  vasculitis 
in  12  of  18  monkeys  in  addition  to  increased  granulocyte  infiltration.  Toxicides  correlated  with 
elevated  basophil  and  eosinophil  levels.  Lower  doses  of  rh!L3  (<  10  pg/kg/day  x 21  days)  were 
not  associated  with  eosinophilia  and/or  basophilia  and  neither  hives  nor  portal  fibrosis  was 
observed  in  any  monkeys  (n  = 18).  IgE  levels  were  also  not  elevated  in  monkeys  receiving  < 10 
pg/kg/day  of  rhIL3.  Lower  doses  (<  10  pk/kg/day)  of  rhIL3  still  stimulated  neutrophilia  and 
megakaryopoiesis  when  followed  by  rhGM-CSF.  No  life  threatening  toxicities  developed  in 
response  to  rhIL3  administration  in  any  animals  at  any  doses  (10,14-16,43,44). 

In  vivo  rhIL3  has  not  shown  evidence  of  inducing  leukemia.  In  fact  retroviral  insertion 
of  rhIL3,  cDNA  into  mice  resulted  in  up  to  a 50  fold  increase  in  peripheral  blood  cellularity 
with  no  development  of  circulating  blasts  (47).  In  vitro  rh!L3  has  stimulated  some  leukemia 
cells  (48,49),  had  no  effect  on  others  (50),  inhibited  others  (51),  and  has  induced  differentiation 
(51).  Its  receptors  have  been  detected  on  both  lymphoid  and  myeloid  precursors.  It  does  not 
appear  to  affect  neutrophil  function  although  it  enhances  the  eosinophil  functional  activity  (52). 
The  T 1/2  of  rhIL3  detection  in  plasma  is  only  six  minutes  with  none  detected  by  ELISA  two 
hours  after  IV  bolus  administration  (10). 

This  study  proposes  to  evaluate  the  administration  of  peripheral  blood  cells  with  bone 
marrow  with  subsequent  administration  of  rhGM-CSF  after  ABMT  and  to  compare  these 
results  to  patients  receiving  peripheral  blood  cells  primed  with  rhIL3  and  nonstipulated  marrow 
followed  by  administration  of  rhGM-CSF  after  ABMT.  This  study  is  designed  to  take 
advantage  of  the  additional  committed  progenitor  cell  load  supplied  by  the  peripheral  blood 
< and  the  synergistic  effects  of  rhGM-CSF  and  rhIL3  stimulated  progenitor  cells  in  an 
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Informed  Consent 

The  principal  investigator  or  one  of  his  associates  must  explain  verbally  and  in  writing 
the  nature  of  the  study  and  the  action  of  rhGM-CSF  in  such  a manner  that  each  patient  or 
legal  guardian  of  each  patient  is  aware  of  the  potential  risks.  The  patient  (or  legal  guardian) 
must  also  be  informed  that  he/she  (or  the  patient)  may  withdraw  from  the  study  at  any  time 
and  for  whatever  reason,  without  prejudice  to  their  future  treatment  If  a legal  guardian  signs 
the  informed  consent,  in  accordance  with  Federal  Regulations,  he/she  must  sign  the  IRB- 
approved  informed  consent  form  in  the  presence  of  a witness. 

7.  Study  Synopsis 

Peripheral  blood  cells  will  be  administered  to  6 patients  with  autologous  marrow 
followed  by  rhGM-CSF.  Escalating  doses  of  rhIL3  will  be  administered  to  the  next  9 patients 
in  groups  of  3 (see  schema  of  the  study  synopsis  in  Appendix  A).  Bone  marrow  will  be 
harvested  and  stored  prior  to  the  initiation  of  rhIL3.  Then  10  daily  doses  of  rhIL3  will  be 
j administered  by  2 hour  intravenous  infusion  in  the  Outpatient  Department  Just  after  the  7th 
dose  of  rhIL3  peripheral  blood  nucleated  cells  will  be  harvested  by  pheresis  daily  for  4 days  and 
cryopreserved.  Daily  CD34  antigen  analysis  of  CD34  + cells  will  be  done  and  periodic  samples 
for  cell  culture  analysis  will  be  drawn  and  progenitor  assays  will  be  performed  to  define  the 
optimal  times  for  peripheral  blood  harvesting  in  future  studies.  Patients  will  receive  the 
preparative  regimen  as  specified  per  FHCRC  protocol  Following  the  treatment  regimen 
unstimulated  bone  marrow  cells  will  be  administered.  Following  this  the  rhIL3  stimulated 
peripheral  blood  nucleated  cells  (maximum  cell  dose  1 x 10’  kg)  will  be  infused.  Peripheral 
id  cells  will  be  collected  approximately  24  hours  after  the  last  dose  of  rh!L3  just  prior  to  the 
next  dose  of  rhIL3.  The  half  life  of  rhIL3  is  only  six  minutes  with  none  detectable  two  hours 
after  administration  so  no  free  active  rhIL3  will  be  present  in  the  peripheral  blood  cell  infusion. 
Within  2 hours  of  completing  the  infusion  of  the  peripheral  blood  cells  the  first  dose  of  rhGM- 
CSF  will  be  given  (250  Mg/kg/d  ay).  RhGM-CSF  administration  will  continue  until  day  20. 

The  clinical  aspects  of  this  study  utilize  unstimulated  bone  marrow  stem  cells  to  produce  stable 
sustained  engraftment  and  rhIL3  stimulated  peripheral  blood  committed  progenitor  cells  to 
produce  early  engraftment  This  study  will  also  utilize  the  synergistic  effects  of  rhGM-CSF  with 
rhIL3  stimulated  progenitor  cells  in  an  attempt  to  minimize  days  of  severe  neutropenia  (ANC  < 
100/mm3). 

8.  Study  Design 

Peripheral  blood  cells  will  be  administered  to  patients  undergoing  ABMT  followed  by 
rhGM-CSF.  RhIL3  will  be  administered  to  9 eligible  patients  (see  Section  8)  at  escalating  dose 
levels  (2.0,5.0,10.0  pg/kg/day)  by  2 hour  intravenous  infusion  for  10  daily  doses.  Groups  of  3 
patients  will  be  treated  at  each  dose  level.  When  necessary  all  therapy  (Le.  treatment  of 
infections)  will  be  given  according  to  standard  procedures.  Stimulated  peripheral  blood  cells 
will  be  administered  within  12  hours  following  infusion  of  unstimula  ;ed  bone  marrow  cells.  Day 
0 will  be  the  day  marrow  is  infused.  Drug  safety-toxicity  will  be  monitored  according  to  Section 
16.  All  organ  systems  will  be  checked  by  daily  clinical  assessment  a^J  laboratory/radiologic 
tests.  From  the  28th  day  or  from  hospital  discharge  until  100  days  post-transplantation  the 
ients  wili  have  follow-up  monitoring  on  a weekly  basis. 
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4. 


prior  to  administration. 

Each  patient  will  receive  daily,  250  /ig/m2  of  rhGM-CSF  via  IV  infusion 
over  a minimum  of  2 hours.  The  necessary  amount  of  reconstituted  rhGM- 
CSF  should  be  diluted  in  sufficient  sterile  isotonic  saline  containing  0.1% 
human  serum  albumin  (HSA)  for  the  2 hour  IV  infusion. 

10.  Procedure  of  Peripheral  Blood  Nucleated  Cell  Collection 

Before  receiving  the  8th  dose  of  rhIL3,  approximately  20  hours  after  the  7th  dose  of 
rhIL3  the  first  of  four  consecutive  peripheral  blood  nucleated  cell  collections  will  begin. 
Collections  will  take  place  in  the  FHCRC  Pheresis  Unit  and  use  the  Cobe  2997  machine.  A 
short  double  lumen  catheter  is  necessary  for  peripheral  blood  collections.  Collections  will  be 
performed  for  4 hours  on  4 successive  days.  Peripheral  blood  cells  will  be  cryopreserved  by  Dr. 
Petersen’s  laboratory. 

< 

11.  Procedure  of  CP 34  and  CD33  Cell  Surface  Antigen  Expression  Analysis 

Fifteen  daily  samples  of  blood  (10  cc  in  a heparinized  syringe)  will  be  drawn  for  analysis 
of  CD34  antigen  expression.  The  first  sample  will  be  drawn  just  prior  to  the  first  dose  of  rhIL3. 
During  the  period  of  peripheral  blood  cell  harvesting  samples  will  be  drawn  just  prior  to  each 
collection.  Once  collections  of  peripheral  blood  cells  are  completed,  samples  will  be  drawn  for 
the  following  four  days.  Analysis  will  be  done  at  the  FHCRC  with  the  FACS  by  Bill 
Bensinger’s  laboratory. 

Variables  to  be  evaluated 

A.  Primary  Variables 

1.  Toxicity  related  to  rhIL3. 

2.  Percent  of  cells  expressing  CD34  antigen. 

3.  Number  of  days  the  ANC  is  less  than  100/mm3. 

4.  Number  of  days  of  platelet  transfusion  dependence. 

B.  Secondary  Variables 

1.  Time  to  the  absolute  granulocyte  number  to  exceed  £500  cells/mm3  on  two 
consecutive  days  by  daily  CBC  and  WBC  differential  counts. 

2.  Frequency  and  duration  of  infections.  An  infection  is  defined  as  follows: 

a.  Bacteremia:  One  or  more  positive  blood  culture(s)  associated  with 
fever  as  the  only  sign  of  infection,  or  more  than  one  positive  blood 
culture  with  the  same  organism,  regardless  of  signs  of  infection. 

b.  Septicemia:  One  or  more  positive  blood  culture(s)  for  any  organism 
associated  with  either  hypotension  or  documented  local  infection 
caused  by  the  same  organism  recovered  from  the  blood. 

c.  Local  infection:  Microbiological  isolation  of  organisms  from  a site 
• associated  with  signs  or  symptoms  of  infection.  Organisms 

recovered  were  capable  of  causing  the  dim  cal  findings.  "Qinical" 
local  infection  denoted  signs  and  symptoms  of  an  infected  site  in  the 
absence  of  microbiological  confirmation.  Oral  cavity,  upper 
respiratory,  and  herpes  simplex  infections  were  not  recorded. 
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E.  Post  Marrow  Transplantation  (day  21  to  dav  281 

1.  As  long  as  patient  is  in  the  hospital,  perform  steps  D.2  to  D.4  above. 

2.  If  patient  is  discharged  from  the  hospital  before  day  28,  measure 
temperature,  hematologic  assays  and  clinical  evaluation  at  least  3x/week 
unless  patients*  condition  requires  more  frequent  assays. 

F.  Post  Marrow  Transplantation  (day  28  to  day  100.  end  of  study) 

1.  While  patient  is  still  in  the  hospital,  unless  patients’  condition  requires 
greater  frequency: 

a)  Vital  signs  daily. 

b)  3x/week  cellular  hematologic  assays  and  clinical  evaluations. 

c)  Once/week  perform  clinical  laboratory  safety  assessment  and  blood 
cultures.  (Repeat  culture  if  positive). 

2.  Once  discharged  from  hospital,  unless  patients*  condition  requires  a greater 
frequency: 

a)  Vital  signs,  cellular  hematologic  assays  and  clinical  evaluation 
3x/week  until  day  35,  then  once/week. 

b)  Bone  marrow  assays  on  day  56. 

G.  At  the  End  of  the  Study  (DAY  100) 

Record  engraftment  status,  relapse,  survival. 

H.  At  1 Year  Posttransplantation: 

Record  engraftment  status,  relapse,  survival. 

L Special  Procedures 

Baseline  laboratory  (pretreatment  tests). 

1.  Vital  signs. 

Z Hematologic  assays:  CBC;  differential;  preplatelet  count;  and  reticulocyte 
count 

3.  Cultures:  blood,  stool,  urine,  and  throat  for  pathogenic  bacteria,  viruses 
and  fungi. 

4.  FH1  (electrolytes,  glucose,  BUN,  creatinine)  F II  (Calcium,  phosphorus, 

albumin,  magnesium),  F DI  (bilirubin,  alkaline  phosphatase,  liver  enzymes) 

5.  Viral  infection  status:  HIV,  HSsAg,  and  antibody  titers  for  cytomegalovirus 
(CMV)  and  toxoplasmosis. 

- 6.  Bone  marrow  biopsy  and  aspiration. 

7.  Chest  x-ray. 

8.  EKG. 

Definition  and  Measurement  of  Toxicity 

A.  Toxicity  related  to  rhIL3  is  minimal.  No  life  threatening  toxicides  have  been 
identified  in  over  50  patients  at  doses  similar  to  those  defined  in  this  study. 

Minor  toxicides  in  occasional  patients  have  included  low  grade  temperature 
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BACKGROUND 

The  bone  marrow  is  responsible  for  producing  red  blood  cells,  white  blood  cells  and  platelets.  White 
cells  are  the  part  of  the  blood  which  are  most  effective  in  fighting  infections.  Following  bone  marrow 
transplantation  (BMT),  the  patient’s  white  cell  count  is  low.  If  engraftment  is  delayed  or  fails,  the 
patient  has  an  increased  risk  for  developing  serious  infections,  which  can  be  fataL  Antibiotics  and 
isolation  techniques  have  been  used  to  help  patients  minimize  infections.  However,  these  techniques 
are  only  rarely  successful 

Recombinant  human  granulocyte  macrophage-colony  stimulating  factor  (rhGM-CSF)  is  a protein  which 
can  be  given  to  stimulate  earlier  recovery  of  blood  counts,  but  the  period  of  low  white  cell  counts  can 
still  last  2 weeks  or  longer,  and  the  period  of  low  platelet  counts  can  last  3-4  weeks.  Recombinant 
human  interleukin-3  or  rhIL-3  is  an  investigational  drug.  Results  from  the  use  of  rhIL-3  in  healthy 
animals  and  preliminary  human  trials  suggests  that  the  rhIL-3  has  been  well  tolerated  and  significantly 
enhances  white  cell  and  platelet  growth.  Preliminary  human  trials  suggest  that  the  addition  of  rhIL-3 
stimulated  blood  cells  to  marrow  may  substantially  shorten  the  time  to  engraftment  In  addition,  there 
is  evidence  that  when  used  together,  rhGM-CSF  and  rhIL-3  may  be  more  effective  than  either  agent 
alone  in  increasing  recovery  of  blood  cells  after  transplant 
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PURPOSE 


The  purpose  of  this  study  is  to  evaluate  complications  from  the  combination  of  rhIL-3,  rhGM-CSF,  and 
infusion  of  peripheral  blood  cells  that  are  given  in  an  attempt  to  shorten  time  to  engraftment,  to  reduce 
infection  and  to  allow  earlier  hospital  discharge  following  autologous  transplantation.  This  is  a dose 
escalation  (different  and  increasing  drug  doses)  trial  in  which  up  to  20  patients  will  participate. 

\ 

PROCEDURES 

The  first  group  of  patients  enrolled  on  this  study  (approximately  6)  will  have  marrow  harvested  and 
stored.  Then  peripheral  blood  will  be  collected  on  four  consecutive  days  and  frozen  according  to 
i Protocol  #506.  The  collected  blood  will  be  reinfused  with  the  autologous  marrow  after  a standard 
conditioning  regimen.  RhGM-CSF  will  be  administered  each  day  from  day  0-20. 

After  six  patients  have  been  entered  on  the  study,  the  subsequent  patients  will  receive  10  daily  doses  of 
rhIL-3  administered  as  a two  hour  infusion  in  the  Outpatient  Department  to  stimulate  peripheral  cells. 
After  the  7th  dose  of  rhIL-3,  the  peripheral  blood  will  be  collected  by  pheresis  on  four  consecutive  days 
and  frozen  according  to  Protocol  #506.  At  day  0,  the  rhIL-3  stimulated  peripheral  blood  and 
autologous  marrow  will  infused.  RhGM-CSF  will  be  administered  each  day  from  day  0-20. 

Daily  blood  samples  (2  teaspoons)  will  be  collected  to  monitor  progress  of  patients  in  both  groups.  You 
will  be  closely  watched  for  signs  of  infection.  If  severe  life-threatening  problems  relating  to  rhIL-3 
occur,  then  this  drug  will  be  stopped  by  the  investigator. 


RISKS 

Human  and  animal  data  suggest  that  rhIL-3  is  well  tolerated.  However,  in  preliminary  unpublished 
human  studies,  rhIL-3  appears  to  cause  short-term  muscle  and  bone  pains,  low  grade  fever  and 
headaches  in  10-20%  of  patients  during  the  time  of  treatment  Pain  medication  will  be  available  to 
treat  these  side  effects  if  necessary.  In  animal  trials  high  doses  of  rhIL-3  have  caused  rashes  and  liver 
toxicity,  but  in  humans  this  has  not  been  observed. 

• RhGM-CSF  appears  to  cause  transient  muscle  and  bone  pains  during  the  time  of  treatment  in  25%  of 
patients.  Occasional  headaches,  episodes  of  nausea  and  low  grade  fever  have  also  been  observed  in 
patients  receiving  rhGM-CSF. 

RhGM-CSF  has  been  shown  to  stimulate  leukemic  cell  growth  in  rare  patients  who  have  greater  than 
15%  leukemic  cells  in  the  bone  marrow  when  they  receive  rhGM-CSF.  RhIL-3  has  been  shown  to 
stimulate  leukemic  cells  to  grow  in  laboratory  cultures,  but  we  do  not  know  whether  rhIL-3 
administration  can  stimulate  leukemic  cell  growth  in  humans.  Therefore,  if  the  tumor  cells  are  not 
completely  destroyed  by  the  preparative  regimen,  rhGM-CSF  or  rhIL-3  may  possibly  cause  relapse  of 
your  malignancy  by  stimulating  surviving  tumor  cells  in  addition  to  normal  white  cells. 
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BENEFITS 


In  the  preliminary  human  trials,  patients  have  shown  an  increase  in  white  cell  production  following  the 
administration  of  rhIL-3  and  rhGM-CSF.  When  used  together  with  the  addition  of  peripheral  blood 
infused  with  your  marrow,  we  hope  that  increased  white  cell  and  platelet  production  will  result  in 
earlier  engraftmenL  Earlier  engraftment  may  reduce  infection  and  Weeding  complications  allowing 
earlier  discharge  and  possibly  improve  survivaL  This  treatment  may  show  that  the  anticipated  benefits 
do  not  occur.  Although  we  expect  this  treatment  to  benefit  your  condition,  there  is  no  guarantee  that  it 
will  do  so,  and  it  is  possible  that  you  may  have  unfavorable  complications  as  a result  of  this  treatment 


ALTERNATIVES 

You  may  choose  not  to  participate,  in  which  case  you  would  receive  standard  BMT  treatment 


OTHER  INFORMATION 

Your  decision  to  participate  in  this  study  is  voluntary  and  you  may  withdraw  your  consent  at  any  time, 
for  any  reason,  without  notice  and  without  prejudice. 

It  is  understood  that  all  medical  expenses  relating  to,  or  arising  from,  these  procedures  will  be  paid  by 
you  and/or  your  insurance  company.  However,  rhll^3  will  be  provided  at  no  cost  to  you  by  the 
manufacturer. 

Financial  compensation  is  not  available  in  the  event  of  physical  injury,  adverse  effects,  or  death 
resulting  from  this  research  project.  Medical  care  will  be  authorized  by  the  attending -physician.  You 
and/or  your  insurance  company  will  be  responsible  for  all  costs  arising  from  the  medical  care. 

In  order  to  evaluate  the  results  of  this  study,  your  medical  records  will  need  to  be  available  to  other 
physicians  and  researchers  associated  with  the  research  project  at  FHCRC.  The  Food  and  Drug 
Administration,  Sandoz  Corporation  (which  produces  rhJL-3),  Immunex  Corporation  (which  produces 
rhGM-CSF)  and  the  National  Institutes  of  Health  will  also  have  access  to  this  information.  All 
precautions  to  maintain  confidentiality  of  medical  records  will  be  taken.  Your  personal  identity  will  not 
be  revealed  in  any  publication  or  results.  Study  records  will  be  maintained  indefinitely  for  the  purpose 
of  analysis  and  follow-up. 

If  you  have  questions  about  the  research  please  contact  your  attending  physician.  If  you  have  any 
questions  about  your  rights  as  a research  participant,  please  contact  Karen  Hansen  in  the  Institutional 
Review  Office  of  the  Fred  Hutchinson  Cancer  Research  Center  at  206/667-4867. 


Investigator  Statement 

I have  provided  an  explanation  of  the  above  research  program.  The  subject  was  given  an  opportunity  to 
discuss  the  procedures,  including  possible  alternatives,  and  to  ask  any  additional  questions.  A signed 
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copy  of  this  consent  form  has  been  given  to  the  subject 


Investigator’s  Signature  /Date 


Subject’s  Statement 

I agree  to  this  study  and  to  the  conditions  outlined  in  the  Basic  Oncology  Consent  Form  which  I have  read 
and  signed.  I have  had  an  opportunity  to  ask  questions  of  the  physicians,  including  questions  about  risks, 
benefits  and  alternatives  to  treatment  These  questions  have  been  answered  to  my  satisfaction.  I 
understand  future  questions  I may  have  about  the  research  will  be  answered  by  one  of  the  investigators 
listed  above  and  that  any  questions  I have  about  my  rights  as  a research  subject  will  be  answered  by  the 
person  identified  above.  No  promises  or  guarantees  have  been  made  regarding  the  anticipated  outcome 
of  any  tests  or  procedures.  I am  aware  that  I and/or  my  insurance  carrier  is  responsible  for  the  costs 
incurred  in  the  therapy  provided,  including  adverse  effects.  I understand  that  rhIL-3  will  be  given  to  me 
free  of  charge.  I give  permission  for  my  medical  records  to  be  available  to  physicians  and  personnel  for 
this  study  at  the  University  of  Washington  and  the  Fred  Hutchinson  Cancer  Research  Center,  as  well  as 
the  Food  and  Drug  Administration,  the  Sandoz  Corporation,  Immunex  Corporation  and  the  National 
Institutes  of  Health.  I acknowledge  that  I will  receive  a signed  copy  of  this  consent  form. 


Patient 


/Date 


Witness 


/Date 


Parent/legal  guardian  /Date  Other  parent/legal  guardian  /Date 

[for  patients  <18  years  old]  [if  reasonably  available] 

#531  2/28/91 
Copies  to:  Patient 

Medical  Records 
Research  file 
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1.  Evaluation  of  the  Use  of  Recombinant  Human  G-CSF  Stimulated  Peripheral  Blood  Progenitor 
Cell  Supplementation  in  Autologous  Bone  Marrow  Transplantation  in  Patients  with  Lymphoid 
Malignancies 

Investigators:  W.  Bensinger,  M.D.,  Associate  Professor  of  Medicine,  UW,  Associate  Member,  FHCRC 
(667-4933);  John  Nemunaitis,  M.D.,  Associate  in  Clinical  Research,  FHCRC;  J.  Singer,  M.D.,  Professor 
of  Medicine,  UW,  Member,  FHCRC  (764-2709);  CJD.  Buckner,  M.D.,  Professor  of  Medicine,  UW, 
Member,  FHCRC  (667-4324);  Associates:  F.R.  Appelbaum,  M.D.,  Professor  of  Medicine,  UW, 
Member,  FHCRC  (667-4412);  R.  Storb,  M.D.,  Professor  of  Medicine,  UW,  Member,  FHCRC  (667- 
4407);  Scott  Rowley,  M.D.,  Associate  Member,  FHCRC  (667-4416);  EJD.  Thomas,  M.D.,  Professor  of 
Medicine,  UW,  Member,  FHCRC  (667-4329);  JA..  Hansen,  M.D.,  Professor  of  Medicine,  UW, 
Director,  Clinical  Research,  FHCRC  (667-5111),  Lloyd  Fisher,  Ph.D.,  Professor  of  Biostatistics,  UW, 
Member,  FHCRC. 

24-hour  phone  206/667-5001.  Study  Nurse  583-1986. 


2.  Introduction 

Delayed  neutrophil  and  platelet  recovery  after  autologous  bone  marrow  transplantation  (BMT) 
orrelate  with  increased  infectious  and  bleeding  complications.  Despite  enhanced  neutrophil  and 
platelet  recovery  with  rhGM-CSF  or  rhG-CSF  therapy  following  BMT,  the  time  of  pancytopenia 
remains  significant.  This  protocol  will  evaluate  the  utility  of  adding  peripheral  blood  mononuclear  cells 
(PBMC)  collected  following  mobilization  with  rhG-CSF  to  cryopreserved  marrow  followed  by 
posttransplant  G-CSF  as  a means  of  accelerating  recovery  of  neutrophils  and  platelets  after 
myeloablative  therapy.  The  major  study  endpoints  will  be  days  of  ANC  below  100/mm3,  time  to  achieve 
an  ANC  of  500/mm3  and  platelets  > 20,000/mm3  without  transfusion. 

3.  Background 

Morbidity  and  mortality  of  autologous  BMT  is  correlated  with  the  duration  and  severity  of 
myelosuppression.  Patients  have  a substantial  risk  of  bleeding  and  infection  preceding  marrow  recovery 
(1-5).  Possible  methods  of  reducing  the  duration  and  severity  of  myelosuppression  include  stimulation 
of  recovering  hematopoietic  cells  with  cytokines  such  as  rhGM-CSF  (6,7,8),  rhG-CSF  (10),  rhILl  (11), 
rhIL3  (12),  and  combinations  of  these  (13-16).  In  Seattle,  a double  blinded  randomized  prospective 
trial  administering  rhGM-CSF  or  placebo  to  patients  with  lymphoid  malignancy  after  autologous  BMT 
was  recently  completed.  Results  of  median  values  are  shown  below: 
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Patients  who  received  rhGM-CSF  had  significantly  earlier  neutrophil  recoveries  which  were  associated 
with  fewer  infections  and  earlier  discharge.  Patients  who  received  rhGM-CSF  required  less  parenteral 
j nutrition  (p= 0.004),  antibiotics  (p=0.01),  and  amphotericin  (p=0.03).  These  results  have  also  been 
duplicated  in  the  initial  24  patients  at  Dana  Farber  using  the  same  protocol  (17).  However,  despite 
significant  improvement  in  treatment  related  morbidity  after  administration  of  rhGM-CSF,  a significant 
period  of  severe  myelosuppression  and  associated  complications  remains.  The  number  of  days  in  which 
a patient’s  ANC  remains  less  than  100/mm3  and  500/mm3  after  BMT  was  not  shortened  in  patients 
who  receive  rhGM-CSF  (6-8). 

Gianni,  et  al.  have  shown  a significant  reduction  in  the  number  of  days  without  detectable 
jrculating  leukocytes  (p = 0.002)  by  supplementing  autologous  bone  marrow  cells  with  peripheral  blood 
nucleated  cells  collected  after  prior  myelosuppressive  chemotherapy.  In  addition,  the  days  in  which  the 
ANC  reached  100,  500  and  1,000  cells/mm3  (p= 0.003),  the  day  of  platelet  independence  (p  = 0.001),  the 
number  of  RBC  transfusions  (p  = 0.017),  the  number  of  significant  infections  and  the  day  of  discharge 
(p= 0.045)  were  all  significantly  reduced  compared  to  historical  controls  (18).  Preliminary  data  from 
one  study  using  3 days  of  G-CSF  primed  PBMC,  added  to  marrow  and  posttransplant  G-CSF  have 
shown  modest  improvement  in  the  recovery  of  neutrophils  but  a large  difference  in  time  to  platelet 
independence  (Sheridan,  W.  personal  communication).  These  results  have  been  duplicated  and  further 
improved  with  the  use  of  rhGM-CSF  stimulated  peripheral  blood  cells  (19,20,21,22)  and  with  the 
administration  of  rhGM-CSF  after  bone  marrow  infusions  supplemented  with  peripheral  blood 
(19,20,21,22).  However,  one  investigator  who  has  had  experience  with  both  GM-CSF  and  G-CSF 
primed  peripheral  blood  cells  added  to  marrow  has  claimed  little  difference  in  time  to  recovery  of 
peripheral  counts  with  either  cytokine  (Peters,  personal  communication).  Most  studies  with  G-CSF 
have  utilized  a 7 day  administration  schedule  with  peripheral  blood  collections  on  days  5-7.  Peak 
concentrations  of  CFU-GM  begin  to  appear  in  the  blood  on  day  4-5  after  G-CSF  and  last  through  days 
7-8. 

When  autologous  peripheral  blood  transplants  are  performed  without  supplementation  of  bone 
marrow  cells  following  myelosuppressive  chemo-radiotherapy  the  majority  of  patients  achieve  rapid  and 
sustained  granulocyte  recovery  reaching  ANC’s  of  500/mm3  within  10-15  days  (23-29).  However,  in 
some  studies  platelet  engraftment  has  been  delayed  (30,31)  and  subsequent  falls  in  peripheral  blood  cell 
counts  followed  by  marrow  hypoplasia  has  been  observed  (31,32).  Marrow  hypoplasia  after  initial 
engraftment  of  peripheral  blood  cell  transplants  may  be  related  to  a reduced  number  of  pluripotent 
stem  cells.  Since  the  episodes  of  secondary  thrombocytopenia  and  neutropenia  are  observed  mostly  in 
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patients  with  ANL  this  may  be  disease  related. 

Further  research  is  needed  to  characterize  the  populations  of  cells  in  peripheral  blood 
stimulated  by  various  cytokines  in  vivo  and  to  define  optimal  doses  of  cytokines  and  ways  to  optimize 
PBSC  harvest  An  important  cell  to  define  is  the  repopulating  hematopoietic  stem  celL  At  this  time 
stem  cell  quantity,  at  least  in  marrow,  is  most  reliably  predicted  by  the  number  of  cells  which  express 
the  CD 34  antigen  (33).  Sustained  pluripotent  engraftment  was  produced  in  baboons  after  lethal 
irradiation  and  infusion  of  only  3.2-4.4  x 10*  cells/kg.  of  CD34+  cells  (34).  Transplants  performed 
without  selecting  CD34+  cells  require  significantly  more  cells  (^lxlO'/kg.)  to  achieve  sustained 
engraftment  suggesting  that  the  stem  cell  concentration  is  greater  within  the  CD34  population.  In  vitro, 
another  method  being  used  to  estimate  the  presence  of  stem  cells  is  to  assume  that  the  number  of  blast 
cell  colonies  correlates  with  that  of  more  mature  progenitors  such  as  CFU-GM  and  BFU-E.  Juttner,  et 
a L have  shown  a 1:1  correlation  of  CD34+  cells  with  CFU-GM  concentration  in  peripheral  blood. 
However,  more  work  needs  to  be  done  to  characterize  progenitors  in  peripheral  blood  after  cytokine 
administration. 

This  study  proposes  to  evaluate  the  administration  of  cryopreserved  peripheral  blood  cells 
collected  after  the  administration  of  rhG-CSF  and  administered  with  cryopreserved  bone  marrow 
followed  by  the  administration  of  rhG-CSF.  These  results  will  be  compared  to  patients  who  have 
received  marrow  alone  followed  by  rhG-CSF  after  myeloablative  therapy  in  a subsequent  study.  This 
study  is  designed  to  take  advantage  of  the  additional  committed  progenitor  cell  load  supplied  by  the  . 
peripheral  blood  cells  in  an  attempt  to  resolve  the  significant  period  of  pancytopenia  after  autologous 
B.MT,  while  relying  on  the  more  pluripotent  stem  cells,  assumed  to  be  present  in  marrow,  for  long  term 
hematopoetic  reconstitution. 

This  study  is  the  first  of  3 sequential  studies  to  compare  the  efficacy  of  various  growth  factors  in 
stimulating  the  mobilization  of  peripheral  blood  stem  cells.  Protocol  531  involves  IL-3  and  a protocol 
will  be  written  for  stem  cell  factor  when  this  drug  is  approved  for  use  in  humans  by  the  FDA.  The 
finical  aspects  of  this  study  utilize  unstimulated  bone  marrow  stem  cells  to  produce  stable  sustained 
engraftment  and  G-CSF  stimulated  peripheral  blood  committed  progenitor  cells  to  produce  early 
engraftment. 

4.  Objectives 

A.  To  study  hematopoietic  precursor  cell  characteristics  in  peripheral  blood  before  and  after 
G-CSF  administration.  These  will  include  the  measurement  of  CD34  + cells,  colony 
forming  cells  and  colony  forming  cell  precursors. 

B.  To  evaluate  toxicity  of  G-CSF  stimulated  peripheral  blood  cell  administration  with 
marrow. 

C.  To  determine  the  time  to  achieve  an  ANC  of  100,  500  and  1,000  platelets  to  20,000/mm3 
in  patients  receiving  peripheral  blood  cells  plus  marrow  followed  by  rhG-CSF. 

5.  Patient  Selection 

A.  Inclusion  criteria 

1.  Patients  with  Hodgkin’s  Disease  (HD)  or  non-Hodgkin’s  lymphomas  (NHL)  who 
are  eligible  to  undergo  ABMT  utilizing  active  FHCRC  protocols. 

2.  Patients  with  no  circulating  malignant  cells  by  histologic  analysis. 

3.  There  are  no  age,  sex,  and  prior  therapy  limitations.  However,  patients  must  be 
of  sufficient  size  (>  100#)  to  be  able  to  undergo  apheresis. 

4.  There  is  no  exclusion  for  monoclonal  antibody  purged  marrow. 

5.  Signed  informed  consent  conforming  to  FDA  and  institutional  guidelines  is 
required. 
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Normal  peripheral  counts  (WBC  >3000/mm3,  platelet  counts  > 150,000/mm3). 


B.  Exclusion  criteria 

1.  Patients  ineligible  for  autologous  marrow  transplantation. 

2.  Patients  who  are  HTV+.  . 

3.  Patients  with  active  infections. 

4.  Patients  with  histologic  evidence  of  circulating  malignant  cells. 

5.  Patients  with  AML  or  CML. 

6.  Patients  who  receive  chemical  purged  marrow. 

7.  Patients  who  are  unable  to  undergo  pheresis  for  any  reasons  (refer  to  guidelines 
for  granulocyte  donors). 

8.  Patients  with  rapidly  progressive  disease  requiring  immediate  therapy. 

6.  Informed  Consent 

The  principal  investigator  or  one  of  his  associates  must  explain  verbally  and  in  writing  the 
nature  of  the  study  and  the  action  of  rhG-CSF  in  such  a manner  that  each  patient  or  legal  guardian  of 
each  patient  is  aware  of  the  potential  risks.  The  patient  (or  legal  guardian)  must  also  be  informed  that 
he/she  (or  the  patient)  may  withdraw  from  the  study  at  any  time  and  for  whatever  reason,  without 
prejudice  to  their  future  treatment.  If  a legal  guardian  signs  the  informed  consent,  in  accordance  with 
Federal  Regulations,  he/she  must  sign  the  IRB-approved  informed  consent  form  in  the  presence  of  a 
witjiess... 

7.  Study  Synopsis 

This  study  is  designed  to  .show  a decrease  in  the  days  to  an  ANC  of  100  and  a decrease  in  the 
time  to  20,000  platelets  by  5 days.  A total  of  20  patients  will  be  treated  on  this  protocol.  Bone  marrow 
/ill  be  harvested  and  stored  prior  to  the  initiation  of  G-CSF.  Seven  daily  doses  of  G-CSF  will  be 
administered  by  subcutaneous  injection  in  the  Outpatient  Department.  Daily  analysis  of  CD34  + cells 
will  be  performed  and  periodic  samples  will  be  obtained  for  cell  culture  (CFU-GM)  to  define  the 
optimal  times  for  peripheral  blood  harvesting  in  future  studies.  As  a starting  point,  just  before  the  fifth 
dose  of  G-CSF,  peripheral  blood  nucleated  cells  will  be  harvested  by  pheresis  daily  for  4 days  and 
cryopreserved.  Peripheral  blood  cells  will  be  collected  approximately  20  hours  after  the  last  dose  of  G- 
CSF  just  prior  to  the  next  dose  of  G-CSF.  Patients  will  receive  the  preparative  regimen  as  specified 
per  the  FHCRC  protocol  specific  to  the  patient’s  disease  and  phase.  Following  the  treatment  regimen 
cryopreserved  bone  marrow  cells  will  be  administered.  Following  this  the  G-CSF  stimulated  peripheral 
blood  nucleated  cells  will  be  infused.  Within  2 hours  of  completing  the  infusion  of-the  peripheral  blood 
cells  the  first  dose  of  rhG-CSF  will  be  given  (16  /ig/kg/day).  RhG-CSF  administration  will  continue 
through  day  20. 

8.  Study  Design 

Peripheral  blood  cells  will  be  administered  to  patients  undergoing  ABMT  followed  by  rhG-CSF. 
G-CSF  will  be  administered  to  20  eligible  patients  (see  Section  7)  at  a dose  of  16  /tg/kg/day 
subcutaneously  for  7 daily  doses.  Stimulated  peripheral  blood  cells  will  be  administered  within  24  hours 
following  infusion  of  unstimulated  bone  marrow  cells.  All  organ  systems  will  be  checked  by  daily 
clinical  assessment  and  laboratory/radiologic  tests.  From  the  28th  day  or  from  hospital  discharge  until 
100  days  post-transplantation  the  patients  will  have  follow-up  monitoring  on  a weekly  basis. 
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9.  Drug  Supply  Product 

G-CSF  (Amgen)  is  obtained  from  the  bacterial  fermentation  of  a strain  of  E.  coli  bearing  a 
genetically  engineered  plasmid  containing  the  human  G-CSF  gene. 

A.  Drug  Formulation 

1.  Preparation  of  G-CSF 

G-CSF  is  formulated  in  a preservative-free  solution  for  injection  in  vials 
containing  0.80  mg  of  protein  per  viaL  The  composition  of  the  lyophilizate 
consists  of  800  /zg  of  protein  and  approved  standard  excipient.  The  vials  may  be 
stored  securely  in  refrigeration  at  2°C-8°C. 

Dilution  of  product  for  intravenous  infusion  is  accomplished  by  withdrawing  the 
desired  dose  to  be  given  for  that  day  as  per  protocol  with  a glass  tuberculin 
syringe  and  diluting  in  normal  saline  50  ml. 

2.  Stability  of  Reconstituted  Drug 

The  drug  is  stable  for  6 hours  at  room  temperature. 

10.  Procedure  of  Peripheral  Blood  Nucleated  Cell  Collection 

Before  receiving  the  5th  dose  of  G-CSF,  approximately  20  hours  after  the  4th  dose  of  G-CSF 
. the  first  of  4 consecutive  peripheral  blood  nucleated  cell  collections  will  begin.  Collections  will  take 
place  in  the  FHCRC  Pheresis  Unit  and  use  the  Fenwal  CS3000,  Cobe  Spectra,  Cobe  2997  machine.  A 
short  double  lumen  catheter  is  necessary  for  peripheral  blood  collections.  Collections  will  be  performed 
for  4 hours  on  4 successive  days...  Peripheral  blood  cells  will  be  cryopreserved  in  the  marrow  processing 
and  cryopreservation  laboratory  under  the  supervision  of  Dr.  Rowley. 

11.  Procedure  of  CD34  Cell  Surface  Antigen  Analysis  and  Cell  Culture 

Ten  daily  samples  of  blood  (10  oc  in  a green  top  tube)  will  be  drawn  for  analysis  of  CD34 
antigen  expression  and  CFU-GM  culture.  The  first  sample  will  be  drawn  just  prior  to  the  first  dose  of 
G-CSF.  During  the  period  of  peripheral  blood  cell  harvesting  samples  will  be  drawn  just  prior  to  each 
collection.  Once  collections  of  peripheral  blood  cells  are  completed,  samples  will  be  drawn  for  the 
following  3 days.  Analysis  and  culture  will  be  done  at  the  FHCRC  with  the  FACS  in  Dr.  Bensinger’s 
laboratory.  After  the  first  3 patients  have  been  studied,  additional  samples  of  the  PBMC  harvest  will  be 
analyzed  for  CD34+/rhodamine  dull  cells  and  their  in  vitro  growth  properties  in  long-term  marrow 
culture  by  Dr.  Jack  Singer.  M 

12.  Variables  to  be  evaluated 
A.  Primary  Variables 

1.  Percent  and  absolute  number  of  cells  expressing  CD34  antigen  and  concentration 
of  CFU-GM. 

2.  Number  of  days  from  day  0 to  an  ANC  of  100,  500  and  1000/mm3. 

3.  Number  of  days  from  day  0 to  platelet  transfusion  independence  (platelets 
> 20,000/mm3). 

4.  Number  of  patients  failing  to  achieve  an  ANC  of  500/mm3  and  platelets  of 
20,000/mm3. 

5.  Number  of  patients  dying  before  day  22. 

6.  Dose  of  PBMC  and  PB  CFU-GM  infused. 
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B.  Secondary  Variables 

1.  Frequency  and  duration  of  infections.  An  infection  is  defined  as  follows: 

a.  Bacteremia 

Bacteremia  will  be  defined  as  the  occurrence  of  one  or  more  positive 
blood  cultures  with  any  organism  regardless  of  associated  symptoms.  A 
bacteremia  event  will  be  defined  by  the  occurrence  of  a positive  blood 
culture,  even  if  it  contains  multiple  organisms  (polymicrobial).  All  positive 
cultures  will  be  recorded.  Micrococcus  or  Corvnebacterium  species  or 
aerobic  diphtheroids  (other  than  JK)  may  be  excluded  as  a laboratory 
contaminant  after  consultation  with  Infectious  Disease. 

b.  Septicemia 

Septicemia  will  be  defined  as  bacteremia  ^fungpmia  in  conjunction  with: 

1)  Hypotension  (systolic  BP  < 90,  and/or  a diastolic  BP  < 60)  which 
occurs  within  24  hours  of  the  positive  culture 

2)  Disseminated  intravascular  coagulation  [decreased  fibrinogen  and 
increased  fibrin  degradation  product]  which  is  documented  within 
24  hours  of  the  positive  culture. 

0 

c.  * Fungemia 

Fungemia  will  be  defined  as  the  occurrence  of  one  or  more  positive  blood 
cultures  with  any  fungus  regardless  of  associated  symptoms.  Aspergillus 
in  the  blood  without  other  systemic  evidence  of  Aspergillus  infection  may 
be  excluded  as  a laboratory  contaminant  after  consultation  with  Infectious 
Disease. 

ft  Fever 

Fever  will  be  defined  as  one  ora]  temperature  > 38.5°  or  two  or  more  > 
38°  in  one  12-hour  period  Fever  associated  with  infection  will  be  defined 
as  fever  within  24  hours  of  the  occurrence  of  one  or  more  of  the 
categories;  1,0, 2.0, 3.0,  or  5.0. 

e.  Local /organ-specific  infection 

1)  Cellulitis  will  be  defined  by: 

a)  localized  erythema  and/or  swelling  and  a positive  aspirate 
or  biopsy  culture  of  the  area  for  an  organism  other  than 
coagulase-negative  Staphylococcus. 

b)  local  erythema  and  swelling  associated  with  a positive 
blood  culture  (or  two  or  more  positive  blood  cultures  when 
the  organism  is  coagulase-negative  Staphylococcus)  in  the 
absence  of  a positive  local  culture. 

2)  Pneumonia 

a)  Infectious  pneumonia  will  be  defined  as  a new  or 
progressing  pulmonary  radiographic  infiltrate  (by 
retrospective  review)  and  identification  of  an  infectious 
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pathogen  by  BAL,  bronchial  washing  or  lung  tissue.  This 
will  include: 

1.  Bacterial  pneumonia  will  be  diagnosed  by 
identifying  a culture  yielding  moderate  to  many 
colonies  of  a single  or  predominant  organism  or  2; 
103/ml  for  a pure  culture  or  ^ 105/ml  for  a mixed 
culture,  or  by  the  identification  of  Legionella  or 
mycobacterial  species  on  BAL,  or  any  organism  on 
biopsy  tissue. 

2.  Fungal  pneumonia  will  be  diagnosed  by  the 
identification  of  a culture  yielding  moderate  to 
many  colonies  or  ^ 103/ml  of  Candida,  or  septate 
hyphal  elements  (e.g.  Aspergillus)  with  > one 
colony  identified  on  culture  in  BAL,  or  any  [] 
hyphal  fungi  Q on  biopsy  tissue. 

3.  Pneumocystis  pneumonia  will  be  diagnosed  by  the 
presence  of  pneumocystis  on  BAL  [j. 

4.  Viral  pneumonia  will  be  diagnosed  by  the  presence 
of  a positive  culture,  FA  or  characteristic  viral 
inclusions  on  BAL  or  biopsy  tissue. 

0 

Idiopathic  pneumonia  will  be  defined  by  a new  or 
progressive  diffuse  infiltrate  on  CXR  (by  retrospective 
review)  and  examination  of  lung  tissue  or  BAL  that  has  a 
negative  evaluation  for  microbiologic  causes. 

Other  organ  site-specific  infection 

1.  Esophagus  requires  histologic  evidence  of  invasive 
hyphal  elements.  Bacterial  esophagitis  will  not  be 
included. 

2.  Liver,  spleen,  kidneys,  brain  will  require  aspiration 
or  biopsy  evidence  for  infection. 

Sterile  closed  space  infection  (e.g.  CNS,  peritoneal,  pleural) 

A Hickman  catheter  infection  is  defined  as  local  erythema 
at  the  exit  site  with  purulent  drainage  positive  for  a single 
or  predominant  organism  and/or  inflammation  (including 
redness  and  tenderness)  at  least  1 cm  or  more  up  the  line 
from  the  exit  site  or  at  any  other  point  along  the  tract  with 
an  associated  positive  blood  culture  in  the  absence  of  a 
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positive  local  site  culture. 


f)  Urinary  tract  infection  will  be  defined  as  a urine  culture 
with  ^ 50,000  colonies  of  a single  organism  with  or 
without  symptoms. 

f.  All  definitions  above  involve  the  presence  of  a positive  culture  as  essential 
for  the  definition  of  infection.  Tissue  histology  may  be  used  in  instances 
where  the  culture  is  negative  for  the  following: 

1)  Any  positive  FA  for  Legionella  or  herpes  viruses  (or  other 
organism-specific  monoclonal  antibody) 

2)  Any  septate  or  non-septate  hyphal  elements 

3)  Pneumocystis 

P 

g.  Recurrent  Infection 

Recurrent  infection  will  be  defined  as  infection  which  is  documented  >7 
days  after  the  discontinuation  of  appropriate  antibiotics. 

2.  Time  for  platelet  count  to  >50,000  cells/mm3. 

3.  Number  of  platelet  and  red  cell  transfusions. 

4.  The  number  of  days  receiving  antibiotics  and  the  number  of  febrile  days. 

5.  Bilirubin  and  creatinine  levels. 

6.  Days  of  hospital  stay. 

7.  Clinical  course  of  recovery  after  hospital  discharge. 

8.  Mortality. 

Outline  of  Evaluation  and  Treatment 

A.  Patient  Evaluation 

1.  History. 

2.  Physical. 

3.  Autologous  bone  marrow  harvest  and  storage  with  samples  for  Dr.’s  Bensinger 
and  Torok-Storb. 

4.  Hematologic  assays:  CBC;  differential;  preplatelet  count;  and  reticulocyte  count 

5.  Cultures:  blood,  stool,  urine,  and  throat  for  pathogenic  bacteria,  viruses  and 
fungi. 

6.  FH1  (electrolytes,  glucose,  BUN,  creatinine)  F II  (Calcium,  phosphorus,  albumin, 
magnesium),  F III  (bilirubin,  alkaline  phosphatase,  liver  enzymes) 

7.  Viral  infection  status:  HIV,  HSsAg  and  antibody  titers  for  cytomegalovirus 
(CMV)  and  toxoplasmosis. 

8.  Chest  x-ray. 

9.  EKG. 

B.  Prior  to  Transplantation 

1.  Administration  of  G-CSF  with  daily  laboratories. 

2.  Peripheral  blood  collection  and  storage. 
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3.  CD34  analysis,  CFU-GM  culture. 

4.  Bone  marrow  aspirate  for  pathology,  CFU-GM,  CD34  analysis  (Dr.  Bensinger 
AC  134)  and  for  Dr.  Torok-Storb  (1-2  ml  heparinized  marrow  to  766,  attn:  Dr. 
Torok-Storb). 

5.  Pretransplant  preparative  regimen. 

C.  Day  of  Transplantation  fdav  01 

1.  Bone  marrow  infusion. 

2.  Peripheral  blood  cell  infusion. 

3.  Begin  administration  of  rhG-CSF. 

D.  Post  Marrow  Transplantation  (daily  from  day  0 to  day  201. 

1.  Administer  rhG-CSF  (total  of  21  days  only). 

2.  Perform  hematologic  assays. 

3.  Perform  clinical  evaluation. 

E.  Post  Marrow  Transplantation  (day  21  to  day  281 

1.  As  long  as  patient  is  in  the  hospital,  perform  steps  D.2  to  D.4  above. 

2.  If  patient  is  discharged  from  the  hospital  before  day  28,  measure  temperature^ 
hematologic  assays  and  clinical  evaluation  at  least  3x/week  unless  patients’ 
condition  requires  more  frequent  assays. 

F.  Post  Marrow  Transplantation  (day  28  to  day  100.  end  of  study) 

1.  While  patient  is  still  in  the  hospital,  unless  patients’  condition  requires  greater 
frequency: 

a)  Vital  signs  daily. 

b)  3x/week  cellular  hematologic  assays  and  cnmcai  evaluations. 

2.  Once  discharged  from  hospital,  unless  patients’  condition  requires  a greater 
frequency: 

a)  Vital  signs,  cellular  hematologic  assays  and  clinical  evaluation  3x/week 
until  day  35,  then  once/week. 

b)  Bone  marrow  assays  for  pathology  on  day  56  and  84. 

G.  At  the  End  of  the  Study  (DAY  1001 
Record  engraftment  status,  relapse,  survival. 

H.  At  1 Year  Posttransplantation: 

Record  engraftment  status,  relapse,  survival. 

Definition  and  Measurement  of  Toxicity 

A.  Toxicity  related  to  G-CSF  is  minimal.  No  life  threatening  toxicides  have  been  identified 
in  over  50  patients  at  doses  similar  to  those  defined  in  this  study.  Minor  and  rare 
toxicides  in  occasional  padents  have  included  low  grade  temperature  elevations, 
headaches,  nausea  and  myalgias. 

B.  In  29  consecutive  patients  treated  with  cyclophosphamide/TBI  in  autologous 
transplantation  and  in  the  last  45  padents  undergoing  autologous  BMT  at  the  FHCRC 
who  received  rhGM-CSF,  less  than  20%  develop  grade  III  or  IV  regimen  related  toxicity. 
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Therefore  for  this  study  we  have  defined  as  dose  limiting  toxicity  of  G-CSF  the 
occurrence  of  a life  threatening  toxicity  not  attributable  to  the  preparative  regimen  in 
any  patient,  where  the  occurrence  of  grade  HI  or  IV  transplant  related  toxicity  (see 
Appendix  C).  If  ^ 2 of  3 patients  develop  grade  IQ  toxicity  or  greater  this  will  be 
considered  toxic. 

15.  Data  Analysis 

This  study  will  be  a phase  II  single  arm  study,  designed  to  accrue  20  patients. 

Pilot  data  gave  a standard  deviation  of  2.76  for  the  day  of  ANC  reaching  100  and  a standard 
deviation  of  6.82  for  the  day  of  platelet  independence.  Using  the  normal  approximation  to  the 
power  of  the  two-sample  t-test  for  90%  power  using  a two-sided  0.05  significance  test  the  sample 
sizes  required  with  22  historical  controls  were  4 and  18  respectively.  For  a sample  size  of  four 
the  normal  approximation  is  invalid,  but  with  18  it  is  reasonable.  Thus,  20  patients  will  be 
studied. 

Toxicity  as  well  as  the  median  time  to  an  ANC  > 100,  500  or  1000/mm3,  day  of  platelet 
independence,  day  of  discharge,  incidence  of  VOD,  and  infection  will  be  summarized. 

Abnormal  findings  from  laboratory  variables,  vital  signs,  physical  exams,  and  x-rays  will  be  listed 
and  summarized.  Clinically  important  side  effects  noted  by  the  investigator  will  be  summarized 
according  to  the  affected  body  system. 
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Consent  to  Participate  in  a Study  to  Evaluate  the  Use  of  Recombinant  Human  G-CSF  Stimulated 
Peripheral  Blood  Progenitor  Cell  Supplementation  in  Autologous  Bone  Marrow  Transplantation  in 
Patients  with  Lymphoid  Malignancies 

Investigators:  W.  Bensinger,  M.D.,  Associate  Professor  of  Medicine,  UW,  Associate  Member,  FHCRC 
(667-4933);  John  Nemunaitis,  M.D.,  Associate  in  Clinical  Research,  FHCRC;  J.  Singer,  M.D.,  Professor 
of  Medicine,  UW,  Member,  FHCRC  (764-2709);  C.D.  Buckner,  M.D.,  Professor  of  Medicine,  UW, 
Member,  FHCRC  (667-4324);  Associates:  F.R.  Appelbaum,  M.D.,  Professor  of  Medicine,  UW, 
Member,  FHCRC  (667-4412);  R.  Storb,  M.D.,  Professor  of  Medicine,  UW,  Member,  FHCRC  (667- 
4407);  Scott  Rowley,  M.D.,  Associate  Member,  FHCRC  (667-4416);  E.D.  Thomas,  M.D.,  Professor  of 
Medicine,  UW,  Member,  FHCRC  (667-4329);  JA..  Hansen,  M.D.,  Professor  of  Medicine,  UW, 
Director,  Clinical  Research,  FHCRC  (667-5111),  Lloyd  Fisher,  Ph.D.,  Professor  of  Biostatistics,  UW, 
Member,  FHCRC. 

24-hour,  phone  206/6^7-5001.  Study  Nurse  583-1986. 

Attending  Physician Phone 


BACKGROUND  and  PURPOSE 

Bone  marrow  transplantation  involves  treatment  with  chemotherapy  and  radiation  that  destroy  your 
own  marrow.  Your  frozen  marrow  is  then  thawed  and  given  back  to  you.  There  is  then  a period  of 
approximately  2 weeks  when  the  white  blood  cell  level  in  your  peripheral  blood  is  very  low.  It  takes 
another  2 weeks  to  recover  production  of  your  platelets  (the  part  of  your  blood  that  forms  clots). 
During  this  time  you  are  very  susceptible  to  infection  or  bleeding. 

Some  preliminary  studies  have  shown  that  by  giving  patients  previously  frozen  peripheral  blood  cells  at 
the  time  their  marrow  is  given  back  to  them  the  time  to  recovery  of  white  cell  and  platelet  production 
can  be  shortened.  This  could  mean  fewer  infections  or  bleeding  complications  and  earlier  discharge 
from  the  hospital. 

The  purpose  of  this  research  study  is  to  use  a growth  factor  (rhG-CSF),  a substance  that  may  stimulate 
"marrow-like"  cells  in  the  peripheral  blood,  to  increase  the  chance  of  collecting  enough  peripheral  blood 
cells  so  that  recovery  time  after  transplant  is  shortened.  RhG-CSF  is  also  used  after  transplant  to 
accelerate  the  recovery  of  the  white  blood  cells. 

PROCEDURES 

Your  bone  marrow  will  be  harvested  and  stored  and  then  you  will  receive  seven  daily  doses  of  rhG-CSF 
administered  by  injection  into  the  skin.  Before  you  receive  the  5th  dose  of  rhG-CSF,  you  will  undergo 
' e first  of  four  daily  peripheral  blood  cell  collections  through  the  Hickman  line.  These  are  done  on 
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the  machines  in  the  FHCRC  pheresis  unit  and  take  approximately  4 hours.  The  peripheral  blood  cells 
will  be  frozen  and  stored  along  with  your  marrow.  To  test  your  body’s  response  to  the  treatment,  10 
daily  samples  (2  teaspoons  each)  of  blood  will  be  drawn  beginning  just  prior  to  the  first  dose  of  rhG- 
CSF. 

After  you  have  received  the  appropriate  preparative  regimen,  your  marrow  and  then  your  peripheral 
blood  cells  will  be  infused.  Within  2 hours  of  completing  the  infusions  you  will  receive  rhG-CSF  which 
will  continue  through  day  20. 


RISKS,  STRESS  OR  DISCOMFORT 

Few  complications  have  been  reported  and  they  have  involved  minor  problems  with  the  Hickman 
catheter  and  minor  toxicities  of  rhG-CSF.  However,  this  study  involves  certain  theoretical  risks, 
described  below. 

Bleeding  - Because  we  do  not  wish  the  blood  to  clot  in  the  tubing,  it  is  necessary  to  add  a drug  called 
heparin  to  the  blood.  This  reduces  the  ability  of  the  blood  to  clot  and  introduces  an  element  of  risk. 
Heparin  in  much  lower  concentrations  is  a normal  constituent  of  blood. 

Infection  - The  risk  of  infection  always  exists  when  a person’s  blood  is  circulated  outside  the  body.  The 
risk  involved  is  small.  Donprs  frequently  ask  whether  the  removal  pf.  large  numbers  of  white  cells  by 
this  procedure  renders  them  at  greater  risk  of  developing  infection.  As  explained  above,  all  these  cells 
are  replaced  about  three  times  each  day  in  a normal  person,  and  in  addition  there  are  very  large 
reserves  of  these  cells  stored  outside  the  blood  in  the  body.  It  has  been  found  that  the  donor’s  white 
cell  count  after  the  procedure  is  usually  the  same  as  before.  To  decrease  the  infection  risk,  all  donors 
are  given  a 10  day  course  of  prophylactic  antibiotics  following  surgical  placement  of  the  Hickman 
catheter. 

Hickman  Catheters  - There  has  been  considerable  experience  with  the  use  of  Hickman  catheters  in 
patients  requiring  chemotherapy  and  long-term  hyperalimentation  and  more  recently  in  donors  giving 
granulocytes.  The  complications  have  been  clotting  and  local  infection.  Clotting  may  necessitate 
discontinuance  of  catheter  use  or  removal  of  the  clot  by  a fibrinolytic  agent  (Urokinase).  There  is 
much  experience  here  in  the  care  of  Hickman  catheters.  Occasionally,  there  has  been  local 
inflammation  at  the  catheter  exit  site,  and  additional  antibiotics  may  be  necessary. 

Anemia  - Although  the  majority  of  the  red  blood  cells  are  returned  to  the  donor,  some  cells  are 
removed  with  each  collection.  If  the  donor  become  anemic  after  a series  of  collections,  a blood 
transfusion  will  be  given  or  no  further  collections  will  be  made. 

Risks  related  to  rhG-CSF  - Human  and  animal  data  suggest  that  rhG-CSF  is  well  tolerated.  It  may, 
however,  cause  temporary  mild  to  moderate  muscle  and  bone  pains  during  the  time  of  treatment. 
Occasional  worsening  of  inflammatory  conditions  such  as  psoriasis  and  vasculitis  have  been  observed. 
Some  patients  experience  fever,  headache  or  myalgia  with  this  treatment.  There  may  also  be  a 
temporary  elevation  of  leukocyte  alkaline  phosphatase,  lactate  dehydrogenase  and  uric  acid.  The 
increase  of  these  laboratory  values  reflects  the  increase  of  white  blood  cells  caused  by  the  rhG-CSF  and 
these  laboratory  values  return  to  normal  within  one  week  of  discontinuing  rhG-CSF  treatment, 
patients.  There  may  also  be  toxicities  of  rhG-CSF  which  are  not  yet  apparent,  including  long-term 
toxicities. 
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BENEFITS 


The  use  of  rhG-CSF  and  peripheral  blood  stem  cells  may  shorten  the  amount  of  time  needed  to  reach 
adequate  blood  counts,  thereby  potentially  reducing  the  risk  of  infection  and  bleeding  problems. 

ALTERNATIVES 

Alternative  treatment  includes  an  autologous  marrow  transplant  without  the  use  of  rhG-CSF  or 
peripheral  blood  stem  cells. 

OTHER  INFORMATION 

This  treatment  is  being  undertaken  for  the  above  described  fatal  disease.  In  agreeing  to  participate  in  a 
research  program  you  are  choosing  to  receive  therapy  that  is  not  yet  available  outside  of  research 
institutions.  This  therapy  is  based  on  laboratory  studies  and/or  exchange  of  information  with  other 
research  centers. 

Your  decision  to  participate  in  this  study  is  voluntary  and  you  may  withdraw  your  consent  at  any  time, 
for  any  reason,  without  notice  and  without  prejudice. 

It  is  understood,  that  all  medical  expenses  relating  to,,  or  arising  from,  these  procedures  will  be  paid  by 
you  and/or  your  insurance  company.  The  rhG-CSF  will  be  provided  free  of  charge  by  Amgen 
Corporation.  Financial  compensation  is  not  available  in  the  event  of  physical  injury,  adverse  effects,  or 
death  resulting  from  this  research  project. 

Medical  care  will  be  authorized  by  the  attending  physician.  You  and/or  your  insurance  company  will  be 
responsible  for  all  costs  arising  from  the  medical  care. 

In  order  to  evaluate  the  results  of  this  study,  your  medical  records  will  need  to  be  available  to  other 
physicians  and  researchers  associated  with  the  research  project.  The  Food  and  Drug  Administration 
Amgen  Corporation  and  the  National  Institutes  of  Health  will  also  have  access  to  this  information.  All 
precautions  to  maintain  confidentiality  of  medical  records  will  be  taken.  Your  personal  identity  will  not 
be  revealed  in  any  publication  or  results.  Study  records  will  be  maintained  indefinitely  for  the  purpose 
of  analysis  and  follow-up. 

If  you  have  questions  about  the  research  please  contact  your  attending  physician.  If  you  have  any 
questions  about  your  rights  as  a research  participant,  please  contact  Karen  Hansen  in  the  Institutional 
Review  Office  of  the  Fred  Hutchinson  Cancer  Research  Center  at  206/667-4867. 

Investigator  Statement 

I have  provided  an  explanation  of  the  above  -esearch  program.  The  subject  was  given  an  opportunity  to 
discuss  the  procedures,  including  possible  alternatives,  and  to  ask  any  additional  questions.  A signed 
copy  of  this  consent  form  has  been  given  to  the  subject. 


Investigator’s  Signature 


/Date 
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Subject’s  Statement 

I agree  to  this  study  and  to  the  conditions  outlined  in  the  Basic  Oncology  Consent  Form  which  I have 
read  and  signed.  I have  had  an  opportunity  to  ask  questions  of  the  physicians,  including  questions 
about  risks,  benefits  and  alternatives  to  treatment.  These  questions  have  been  answered  to  my 
satisfaction.  I understand  future  questions  I may  have  about  the  research  will  be  answered  by  one  of 
the  investigators  listed  above  and  that  any  questions  I have  about  my  rights  as  a research  subject  will  be 
answered  by  the  person  identified  above.  No  promises  or  guarantees  have  been  made  regarding  the 
anticipated  outcome  of  any  tests  or  procedures.  I am  aware  that  I and/or  my  insurance  carrier  is 
responsible  for  the  costs  incurred  in  the  therapy  provided,  including  adverse  effects.  I give  permission 
for  my  medical  records  to  be  available  to  physicians  and  personnel  for  this  study  at  the  University  of 
Washington  and  the  Fred  Hutchinson  Cancer  Research  Center,  as  well  as  the  Food  and  Drug 
Administration  and  Amgen  Corporation  and  the  National  Institutes  of  Health.  I acknowledge  that  I 
will  receive  a signed  copy  of  this  consent  form. 


Patient 


/Date 


Witness 


/Date 


Parent/legal  guardian  /Date  Other  parent/legal  guardian  /Date 

[for  patients  < 18  years  old]  [if  reasonably  available] 

#650  5/9/91 
Copies  to:  Patient 

Medical  Records 
Research  file 
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THE  FRED  HUTCHINSON  CANCER  RESEARCH  CENTER 
AND  THE  UNIVERSITY  OF  WASHINGTON  SCHOOL  OF  MEDICINE 
DEPARTMENT  OF  MEDICINE,  DIVISION  OF  ONCOLOGY 

(06/15/92) 


1.  A Trial  of  G-CSF  Stimulated  Peripheral  Blood  Stem  Cells  for  Engraltment  in  Identical  Twins. 

INVESTIGATORS:  C.D.  Buckner,  M.D.,  Professor  of  Medicine,  UW,  Member,  FHCRC  (667-4453)  W. 
Bensinger,  M.D.  Associate  Professor  of  Medicine,  UW,  Associate  Member,  FHCRC,  (667-4933);  F. 
Schuening,  M.D.,  Assistant  Member,  FHCRC  (667-4410);  J.  Singer,  MJD.;  R.  Storb,  M.D.,  Professor  of 
Medicine,  UW,  Member,  FHCRC,  (667-4407);  S.  Rowley,  MJD.,  Associate  Member,  FHCRC,  (667- 
5914);  P.  Martin,  M.D.,  Professor  of  Medicine,  UW,  Member,  FHCRC,  (667-4798);  L Fisher,  Ph.D., 
Professor  of  Biostatistics,  UW,  Member,  FHCRC,  (667-4567). 

Emergency  (24  hour)  Phone:  667-5001 

2.  Introduction. 

Peripheral  blood  contains  hematopoietic  progenitor  cells  capable  of  marrow  repopulation  after 
marrow  ablative  therapy.  There  is  good  evidence  that  peripheral  blood  contains  committed 
hematopoietic  precursors  capable  of  early  marrow  repopulation  and  circumstantial  evidence  that  these 
cells  contribute  to  long-term  engraftment.  However,  it.  is  not  proven  that  long-term  engraftment  is  due 
primarily  to  infused  peripheral  blood  progenitor  cells  rather  than  to  residual  endogenous  stem  cells.  In 
the  absence  of  a genetic  marker  this  issue  has  remained  unresolved.  Therefore,  patients  entered  on  this 
study  will  be  eligible  to  participate  in  protocol  691  which  evaluates  the  contribution  of  genetically 
marked  peripheral  blood  progenitor  cells  to  long-term  engraftment.  For  convenience,  in  this  protocol 
the  term  peripheral  blood  stem  cells  (PBSC’s)  will  be  used  to  denote  late  and\or  early  marrow 
repopulating  cells. 

Autologous  transplants  can  be  achieved  with  PBSC’s  but  in  the  steady  state  the  quantity  of  these 
cells  in  the  circulation  is  small  and  offer  no  advantages  over  the  use  of  marrow  due  to  the  difficulties  of 
collecting  adequate  quantities  with  multiple  apheresis  procedures,  except  in  situations  where  marrow  is 
unobtainable. 

At  this  institution  we  have  demonstrated  that  administration  of  recombinant  human  granulocyte 
macrophage  colony-stimulating  factor  (GM-CSF)  following  high  dose  cyclophosphamide  or  Granulocyte 
colony-stimulating  factor  (G-CSF)  alone  causes  an  increase  in  the  number  of  PBSC’s  as  measured  by 
CD34+  cells,  CFU-GMs  and  more  recently  by  long-term-marrow  culture-initiating  cells.  Based  on  the 
quantities  of  these  cells  that  can  be  collected  after  G or  GM-CSF  administration  enough  PBSC’s  can  be 
obtained  from  2-4  apheresis  procedures  to  theoretically  achieve  autologous  or  syngeneic  engraftment. 
The  goal  of  this  protocol  is  to  determine  if  PBSC’s  collected  after  G-CSF  administration  to  a normal 
twin  results  in  prompt  and  durable  engraftment  when  infused  following  chemo  or  chemo-radiotherapy 
in  the  twin  with  malignant  disease. 

There  are  several  reasons  for  pursuing  this  line  of  investigation: 

A.  Engraftment  achieved  by  PBSC’s  is  likely  to  be  more  rapid  than  that  observed  with 
marrow  alone  with  fewer  days  of  pancytopenia.  This  could  result  in  fewer  days  of 
infection,  lower  transfusion  requirements  and  possibly  a shorter  hospital  stay. 

B.  Marrow  aspiration  with  its  attendant  morbidities  and  the  small  but  definite  risk  of  life- 
threatening  complications  can  be  avoided. 

C.  This  is  an  ideal  setting  to  evaluate  the  contribution  of  PBSC’s  to  long-term  engraftment 
with  genetic  marking  of  normal  PBSC’s  as  outlined  in  protocol  691. 
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D.  Data  can  be  generated  concerning  the  feasibility  of  using  PBSC’s  for  allografting  in  the 
future. 

Background. 

A.  Evidence  that  PBSC’s  Collected  in  the  Steady  State  Engraft, 

Cavins  et  al,  in  1964,  demonstrated  that  cryopreserved  autologous  leukocytes  could 
reconstitute  the  hematopoietic  system  of  lethally  irradiated  dogs  (1).  This  study  was 
repeated  in  1968  by  Storb  et  al  who  also  demonstrated  that  marrow  repopulating  cells 
from  peripheral  blood  did  not  recirculate  in  the  thoracic  duct  (2).  Canine  and  non- 
human primate  allografts  have  also  been  achieved  at  this  institution  with  peripheral 
blood  cells  or  by  cross  circulation  (3-5).  Quantitative  studies  in  the  dog  by  Appelbaum 
indicated  that  6 X 10‘/kg  of  peripheral  blood  mononuclear  cells  were  required  for 
autologous  engraftment  as  compared  to  0.25  X 10  */kg  of  nucleated  marrow  cells  (6). 
Other  investigators  have  also  demonstrated  that  auto  and  allografts  can  be  obtained 
using  peripheral  blood  leukocytes  in  the  canine  model  (7-9).  Autologous  PBSC’s  have 
also  been  used  to  successfully  engraft  dogs  with  malignant  lymphoma  treated  with  TBI 
(10). 

The  presence  of  lineage-restricted  hemopoietic  progenitor  cells  in  the  peripheral  blood 
was  demonstrated  in  culture  by  McCredie  et  al  in  1971  with  a frequency  of  colony 
formation  of  1-10%  that. of  marrow  (11)..  Such  colony-forming  units,  especially  of 
granulocyte-macrophage  lineage  (CFU-GM),  have  become  a standard  method  for 
measuring  committed  and  possibly  indirectly  of  uncommitted  primitive  stem  cell 
populations. 

Despite  the  relatively  low  concentration  of  CFU-GM’s  in  the  peripheral  blood  successful 
autografts  have  been  achieved  in  many  patients  (12-22).  However,  for  successful 
autologous  transplants  multiple  apheresis  procedures  (an  average  of  9)  are  necessary  to 
obtain  sufficient  hematopoietic  progenitors  for  consistent  engraftment  (23).  The  largest 
experience  with  autologous  transplants  using  unstimulated  PBSC’s  alone  is  from 
Nebraska  (13,14,23).  They  have  collected  PBSC’s  from  89  patients  with  a variety  of 
malignancies  (23).  A median  of  9 (range  6 - 12)  apheresis  procedures  were  required  for 
each  patient  Collections  contained  a median  of  0.66  (range,  .04  - 29.67)  X 104  CFU- 
GM /kg.  Sixty-seven  patients  have  been  transplanted  with  PBSC’s  following  high  dose 
therapy  without  post-transplant  cytokine  administration.  The  median  time  to  reach  .5  X 
109/L  granulocytes  after  transplant  was  24  days  (range  11  - 80).  Median  time  for  60 
evaluable  patients  to  reach  platelet  transfusion  independence  was  23  days  (range  9-91). 

B.  Enhancement  of  PBSC  Collection  Following  Chemotherapy. 

Richmond  et  al,  in  1979,  reported  a rebound  of  circulating  hemopoietic  precursors  after 
nonmyeloablative  chemotherapy  (24).  This  observation  has  led  to  z series  of  studies 
documenting  the  feasibility  of  collecting  large  quantities  of  CFU-GM  following  intensive 
chemotherapy,  especially  with  high-dose  cyclophosphamide,  utilizing  fewer  collection 
procedures  (25-27).  PBSC’s  collected  after  remission  induction  in  patients  with  AML 
have  also  been  used  for  autologous  transplants  (28-31).  Prompt  and  sustained 
engraftment  occurs  in  the  majority  of  patients  with  AML  receiving  such  autologous 
transplants  depending  on  the  dose  of  CFU-GM  collected  (29,31).  However,  some 
patients  develop  late  graft  failure  which  is  not  related  to  the  dose  of  CFU-GM  and  may 
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be  due  to  intrinsic  defects  of  stem  cells  in  patients  with  AML  (31).  PBSC’s  mobilized 
after  chemotherapy  increase  the  tempo  of  engraftment  when  given  with  marrow  (27). 

C.  Enhancement  of  PBSC  Collections  Following  Chemotherapy  and  Growth  Factor 
Administration. 

GM-CSF  has  been  given  following  chemotherapy  to  further  enhance  PBSC  yields  (33,34). 
PBSC’s  exposed  to  GM-CSF  following  chemotherapy  have  produced  sustained 
engraftment  in  a small  number  of  patients.  However,  most  of  the  experience  has  been 
with  marrow  plus  PBSC’s.  Gianni  collected  PBSC’s  following  cytotoxic  therapy  and  GM- 
CSF  in  2 patients  with  multiple  myeloma.  Both  received  TBI  containing  regimens  and 
GM-CSF  stimulated  PBSC’s  as  the  sole  source  of  hematopoietic  progenitor  cells  (33). 
Both  patients  engrafted  promptly  and  had  sustained  hematopoiesis  at  6 and  9 months 
post-transplant. 

D.  Enhancement  of  PBSC  Collection  Following  Growth  Factor  Administration  without 
Chemotherapy. 

Growth  factors  given  without  chemotherapy  have  also  been  evaluated  for  their  potential 
to  increase  hematopoietic  progenitors  in  the  peripheral  blood.  Hermann  et  al 
demonstrated  a dose-related  elevation  of  circulating  myeloid  progenitor  cells  with  a 
mean  8.1  fold  increase  at  a dose  level  of  1,000  /*g/m2/24  hours  in  patients  with  advanced 
hematological  malignancies  (34).  Socinski  et  al  reported  a median  increase  of  18  times  in 
the  number  of  CFU-GM  in  peripheral  blood  after  a continuous  infusion  of  GM-CSF 
with  escalating  doses  from  4-64  /zg/ kg/day  in  patients  with  solid  tumors  who  had  not 
received  chemotherapy  (35). 

Duhrsen  et  al  monitored  peripheral  blood  and  marrow  in  30  patients  with  cancer 
receiving  G-CSF  in  a PHASE  I/II  clinical  trial  (36).  The  absolute  number  of  circulating 
progenitor  cells  of  granulocyte  macrophage,  erythroid,  and  megakaryocyte  lineages 
showed  a dose-related  increase  up  to  100  fold  after  4 days  of  treatment  with  G-CSF  and 
often  remained  elevated  2 days  after  cessation  of  treatment.  Progenitor  cells  in  the 
marrow  were  in  general  slightly  decreased.  Similar  findings  have  been  observed  by  others 
(37,38). 

Janakiraman  et  al  gave  G-CSF  (5  /tg/kg/day)  to  6 patients  with  malignancy  and  collected 
PBSC’s  on  days  6,  8 and  9 (39).  They  were  able  to  collect  a total  of  25.6  X 109 
mononuclear  cells  or  8.52  X 109  per  collection.  This  was  more  than  twice  the  quantity 
collected  following  CY  in  a similar  group  of  patients.  The  concentration  of  CFU-GM  and 
BFU-E  was  similar  to  that  in  the  PBSC’s  collected  after  Cy  suggesting  an  overall 
increase  in  the  number  of  progenitors  collected. 

E.  Engraftment  with  PBSC’s  Collected  after  Growth  Factor  Administration  without  Prior 
Cytotoxic  Therapy. 

At  the  University  of  Nebraska  thirty-four  patients  with  a variety  of  malignancies  had 
PBSC’s  collected  following  GM-CSF  given  as  a 24  hour  infusion  at  250  jtg/M2  until  the 
peripheral  WBC  exceeded  10  X 109/L.(23)  GM-CSF  dosage  was  decreased  by  50%  and 
collections  were  started  and  GM-CSF  was  continued  until  the  collections  were  complete. 
Dosage  was  decreased  for  a WBC  > 25  X 109/L  or  for  severe  bone  pain.  Six  patients 
failed  to  reach  10  X 109/L  WBC  prior  to  the  first  apheresis  but  only  1 patient  had  WBC 
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counts  < 8.0  X 10  9/L.  A median  of  7 (range  6 - 17)  apheresis  procedures  were  required 
for  these  patients.  The  total  collection  for  each  patient  contained  a median  of  3.62 
(range  .68  - 57.67)  X 104  CFU-GM/  kg.  Twenty-nine  patients  have  been  transplanted 
without  post-transplant  cytokines.  The  median  time  to  reach  0.5  X 109/L  granulocytes 
after  transplant  was  23  days  (range  13  - 49)  for  28  evaluable  patients.  Median  time  to 
reach  platelet  transfusion  independence  was  23  days  (range,  7 - 67)  for  23  evaluable 
patients.  The  authors  concluded  that  GM-CSF  reduced  the  number  of  required  apheresis 
procedures  but  did  not  provide  for  a quicker  marrow  recovery  than  unstimulated  PBSC’s. 
The  maximum  follow-up  of  this  group  of  patients  is  10  months  and  there  has  been  no 
evidence  of  late  graft  failure  (A.  Kessenger,  personal  communication). 

Haas  and  colleagues  administered  GM-CSF  (at  250  ng/ m2/d  as  a continuous  infusion)  to 
11  patients  for  a median  of  11.5  days  (range,  5-22)  followed  by  a median  of  6 apheresis 
procedures  (35).  Leukapheresis  was  started  at  a WBC  of  > 10  X 109/L  and  the  dosage 
of  rhGM-CSF  was  adjusted  to  keep  the  WBC  between  10  X 109/L  and  20  X 109/L.  The 
median  number  of  mononuclear  cells  collected  was  5.15  X 109  (range  2.8  - 9.9)  and  the 
median  number  of  CFU-GM’s  collected  was  30.1  X 10  4 (range  10.2  - 1693).  The  median 
increase  of  CFU-GM’s  in  the  blood  was  8.5  fold.  Six  of  these  12  patients  were  treated 
with  high-dose  chemotherapy  and/or  TBI  followed  by  infusion  of  PBSC’s.  Five  of  6 
achieved  sustained  engraftment  but  the  follow-up  was  less  than  6 months. 

F.  Animal  Data  Supporting  the  Concept  that  Long-Term  Marrow  Repopulation  can  be 
Achieved  with  G-CSF  Exposed  PBSC’s. 

The  question  of  whether  G-CSF  mobilized  peripheral  blood  can  contribute  to  long-term 
engraftment  has  been  addressed  in  mice  by  Molineux  et  al  (41).  They  pretreated  mice 
with  human  G-CSF  and  transplanted  PBSC’s  into  recipients  of  the  opposite  sex.  Using  a 
molecular  probe  for  the  Y chromosome  they  were  able  to  show  that  among  peripheral 
blood  cells  mobilized  by  G-CSF  there  were  substantial  numbers  of  primitive  stem  cells 
capable  of  (1)  reconstituting  the  hematopoietic  system  in  the  long  term  and  (2)  making  a 
contribution  to  the  lymphoid  populations  of  the  thymus  in  irradiated  recipients. 

G.  Summary  of  Seattle  Experience  with  Growth  Factor  Stimulated  PBSC’s. 

(1)  Large  Animal  Data 

Two  dogs  were  given  canine  G-CSF  and  peripheral  blood  progenitors  measured. 

The  results  of  these  studies  are  shown  in  table  . 
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Table  I 

Effects  of  treatment  with  Canine  G-CSF  (10  /ig/kg/day)  on 
peripheral  blood  progenitor  cells 
„ G-CSF ► 


Days  Post 
G-CSF 

Pre 

1 

5 

8 

12 

14 

16 

18 

CFU-GM 

16 

131 

. 

69 

. 

42 

1398 

- 

X 103 
MNC 

87 

33 

161 

157 

205 

900 

• 

147 

BFU-E 

0 

16 

• 

10 

• 

0 

73 

_ 

X 103 

0 

0 

3 

23 

0 

10 

- 

0 

CFU-Mix 

0 

3 

• 

13 

. 

0 

46 

• 

X 103 
MNC 

0 

0 

3 

40 

10 

13 

• 

10 

(2)  Collection  of  PBSC’s  From  Patients  with  Malignant  Disease. 

Four  patients  who  did  not  have  marrow  available  for  transplantation  were 
transplanted  with  PBSC’s  alone.  Two  patients  received  Cy  and  GM-CSF  followed 
by  collection  of  PBSC’s.  They  then  were  given  G-CSF  (16  mg/kg  X 7 days) 
followed  by  a second  set  of  PBSC  collections  on  days  4-7.  Two  patients  had 
PBSC’s  collected  following  G-CSF  alone.  For  engraftment  the  PBSC’s  from  both 
sets  of  collection  were  utilized  in  patients  1 and  2.  The  following  table  shows  the 
results  of  PBSC  collections  following  Cy  and  GM-CSF  and/or  G-CSF  alone. 

Table  H 

PBSC  Collections  Following  Cy  and  GM-CSF 
and/or  G-CSF  (16  /ig/kg  X 7 days) 


Total  TNC  MNC  CD34+  CFU-GM 

Collections  X 10*/kg  X 10*/kg  X 10‘/kg  X ltf/kg 


l.Cy  + GM-CSF  = 4 

4.6 

4.4 

15.6 

84.5 

G-CSF  = 5 

24.4 

14.9 

14.1 

76.7 

2.Cy  + GM-CSF  = 4 

3.7 

3.4 

12.8 

41.6 

G-CSF  = 5 

34.1 

11.6 

16.9 

33.2 

3. G-CSF  = 4 

12.7 

7.7 

4.3 

4.5 

4. G-CSF  = 5 

20.4 

19.1 

14.6 

103.8 
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(3)  Collection  of  PBSC’s  from  Normal  Donors. 

Patients  receiving  syngeneic  marrow  transplants  are  an  ideal  group  to  evaluate 
the  effects  of  growth  factors.  Identical  twins  have  recently  been  included  in 
studies  of  post-transplant  growth  factors.  PBSC  can  be  infused  into  an  identical 
twin  recipient  fresh  without  concern  about  graft-vers us-host  disease.  The  twin 
donor  is  available  for  backup  marrow  if  engraftment  does  not  occur.  Four 
identical  twins  have  received  syngeneic  marrow  followed  by  the  post-transplant 
infusion  of  buffy-coat  cells  collected  after  the  administration  of  G-CSF  to  the 
normal  donor.  The  design  of  this  study  was  to  optimize  granulocyte  collections 
and  not  PBSC’s.  They  were  treated  on  a dose  escalation  study  of  G-CSF  designed 
to  investigate  optimal  granulocyte  collection  data.  Donors  received  G-CSF 
beginning  on  day  0 after  marrow  harvest.  The  dose  was  300  /zg.  Buffy  coat  cells 
were  collected  and  infused  on  post-transplant  days. 

Table  ID  summarizes  engraftment  characteristics  of  the  identical  twins  receiving 
marrow  and  G-CSF  stimulated  buffy  coat. 


Table  m 

Recipients  of  Syngeneic  Marrow  and  G-CSF  Stimulated  Bufly  Coat 


. Day? 

Day 

Day 

Day 

Day 

spent 

to 

to 

to 

to 

No.  Trans. 

ANC 

ANC 

ANC 

ANC 

Pits 

of  of 

UPN 

Dx 

Regimen 

<100 

>100 

>500 

>1000 

>20 

Pits  RBC 

6536 

CML 

Bu/Cy/TBI,  BM+BC 

0 

- 

12 

13 

17 

90 

10 

6545 

BrCa 

Bu/Cy,  BM+BC 

0 

- 

14 

15 

20 

76 

2 

6630 

AML 

Bu/Cy/TBI,  BM+BC 

1 

7 

10 

12 

18 

26 

0 

6785 

NHL 

VP16/Cy/TBI,  BM+BC 

0 

- 

6 

8 

- 

0 

0 

6672 

CML 

Bu/Cy/TBI,  Bm  + Be 

4 

9 

10 

13 

18 

54 

8 

Recipients  of  Syngeneic  Marrow  and  Post-transplant  Growth  Factors 

Two  patients  have  received  syngeneic  marrow  transplants  and  post-transplant  recombinant  G or  GM- 
CSF.  The  engraftment  data  on  these  2 patients  is  shown  in  Table  IV. 


Table  IV 


Days 

Day 

Day 

Day 

Day 

spent 

to 

to 

to 

to 

No.  Trans. 

ANC 

aNC 

ANC 

ANC 

Pits 

of  of 

UPN 

Dx 

Regimen 

<100 

>100 

>500 

>1000 

>20,000 

Pits  RBCs 

6591 

CML 

Bu  / Cy/TBI + G-CSF 

0 

• 

9 

12 

21 

86 

7 

3854 

NHL 

TBI/VP-16/Cy  + GM-CSF 

1 

8 

14 

21 

14 

38 
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Recipients  of  Syngeneic  Marrow  alone 

The  charts  of  the  last  10  syngeneic  transplants  performed  for  a variety  of  malignant  diseases 
(ALL  = 2,  AML  = 2,  CML  = 4,  NHL  = 1,  Adeno  Ca  = 1)  at  the  FHCRC  were  reviewed.  These 
patients  did  not  receive  PBSC’s  nor  early  post-transplant  growth  factors.  One  patient  received  M-CSF 
on  day  30  for  fungal  infection  and  2 patients  received  GM-CSF  for  graft  failure  on  days  36  and  76.  The 
latter  patient,  with  CML  in  CP  with  mild  myelofibrosis,  received  a second  transplant  for  graft  failure 
after  a transient  response  to  GM-CSF.  One  patient  with  CML  in  CP  died  on  day  15  of  regimen  related 
complications  and  was  unevaluable  for  engraftment.  Engraftment  data  on  the  9 evaluable  patients  are 
presented  in  Table  V. 


Table  V 

Engraftment  in  recipients  of  syngeneic  marrow  without  PBSCs  or  growth  factors 


Days 

Davs  PosttransDlant  to 

No. 

No. 

Spent 

Trans. 

Trans. 

ANC 

ANC 

ANC 

ANC 

PLTS 

of 

of 

<100 

>100 

>500 

>1000 

>20,000 

Pits 

RBCs 

Median 

(range) 

10 

(0-26) 

10 

(6-24)  ' ' 

13 

(11-60) 

16 

(13450) 

32 

(14-56+) 

110 

(8-398) 

Six  patients  had  positive  blood  cultures,  4 with  Staph  epi,  1 with  Staph  woneii,  and  1 with  streptomyces. 
The  median  day  to  discharge  was  27  (19  - 99).  Two  of  the  9 patients  failed  to  achieve  platelet 
independence;  one  requiring  a second  transplant  for  graft  failure  and  1 who  relapsed  on  day  55. 


(4)  Autologous  Transplants  with  Growth  Factor  Mobilized  PBSC’s. 

At  this  institution  PBSCs  have  been  mobilized  with  G-CSF  or  high  dose  Cy 
followed  by  GM-CSF. 

Two  patients  have  received  autologous  transplants  with  G-CSF  mobilized  PBSC’s 
alone  and  2 with  PBSC’s  collected  after  Cy  and  GM-CSF  and  G-CSF.  Post- 
transplant  growth  factors  were  not  administered.  Prompt  and  sustained 
engraftment  with  a maximum  follow-up  of  6 months  was  achieved.  Nine  patients 
have  received  Autologous  transplants  with  marrow  and  PBSC’s  followed  by  post- 
transplant  G-CSF  and  all  have  had  durable  engraftment.  Table  VI  summarizes 
the  engraftment  data  for  these  patients  as  well  as  for  control  populations  not 
receiving  PBSC’s. 
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Table  VI 

Engraftment  After  Autologous  BM  and/or  PBSCs 


SC  *Day  to  Day  to  Day  to  Day  to 

Source  Regimen  Pts.  >100  >500  >1,000  >20,000 


PBSC 

alone 

Bu/Cy 

4 

11.8 

(11-13) 

12.8 

(12-14) 

14 

(13-15) 

11 

(9-13) 

PBSC+B 

M+G- 

CSF 

BU/Cy 

Cy/TBI 

other 

Total 

4 

2 

3 

2 

9.2 

(8-12) 

10.8 

(9-14) 

11.5 

(9-15) 

15 

(11-30) 

BM  alone 

Bu/Cy 

19 

12.5 

(10-16) 

19.9 

(12-51+) 

25.5 

(13-62+) 

41.5 

(9-85+) 

BM+GM 

CSF 

Cy/TBI 

22 

11.9 

(9-18) 

17.4 

(11-40) 

20.8 

(12-42+) 

22.1 

(10-101) 

* = mean  ()  = range,  (+)  = patients  not  achieving  given  levels  of  neutrophils  or  platelets. 


4.  Objectives.. 

A.  The  primary  objective  is  to  determine  if  prompt  and  enduring  engraftment  can  be 

achieved  with  the  use  of  G-CSF  mobilized  PBSC’s  in  identical  twins  with  malignant 

disease. 

B.  Secondary  objectives  include: 

(1)  Determination  of  the  contribution  of  genetically  marked  PBSC’s  to  long-term 
engraftment  as  outlined  in  protocol  691. 

(2)  Comparison  of  the  tempo  of  engraftment  and  transfusion  requirements  with 
historical  control  patients  receiving  marrow  alone,  marrow  followed  by  growth 
factors  or  marrow  plus  PBSC’s. 

(3)  Comparison  of  the  relative  morbidity  and  expense  of  using  PBSC’s  versus 
marrow. 

5.  Patient  and  Donor  Selection. 

A.  Inclusions: 

(1)  Any  patient  age  18  or  greater  receiving  an  identical  twin  transplant  for 

malignancy  whose  donor  is  suitable  and  willing  to  undergo  multiple  apheresis 
procedures. 

B.  Exclusions: 

(1)  Inadequate  documentation  that  donor  and  recipient  are  syngeneic.  Twin  studies 
must  include  ABO  typing,  HLA  typing  and  DNA  fingerprinting  studies  (Dr  Paul 
Martin).  The  latter  should  be  performed  prior  to  arrival  in  Seattle  due  to  the 
length  of  time  required  to  perform  the  test.  The  documentation  of  twinning  is 
extremely  important  due  to  the  unavoidable  infusion  of  peripheral  blood 
lymphocytes  with  PBSCs  that  could  cause  graft-versus-host-disease.  If  there  are 
any  doubts  such  patients  are  excluded  from  this  study. 

(2)  Recipients  who  are  CMV  negative  and  have  a CMV  positive  donor. 
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(3)  Donors  less  than  age  18. 

(4)  Donors  who  do  not  fulfill  the  criteria  as  pheresis  donors  established  by  the  Puget 
Sound  Blood  Center  (Appendix  B). 

6.  Evaluation  and  Counseling  of  Patient  and  Donor. 

Patients  are  referred  here  for  consideration  of  a marrow  transplant.  Both  patient  and  donor  will 
be  completely  evaluated.  The  protocol  will  be  discussed  thoroughly  with  patient,  donor  and  family  and 
all  known  risks  to  the  patient  and  donor  described.  What  is  known  about  engraftment  using  PBSC’s  and 
what  is  known  about  the  toxicities  of  G-CSF  will  be  presented  as  objectively  as  possible.  In  this  study 
the  donor  has  to  be  available  for  a marrow  harvest  in  case  engraftment  with  PBSC’s  is  not  sustained. 
Consent  will  be  obtained  using  forms  approved  by  the  Institutional  Review  Board  of  the  Fred 
Hutchinson  Cancer  Research  Center.  A summary  of  the  conference  will  be  dictated  for  the  medical 
record  detailing  what  was  discussed. 

7.  Protocol  Registration. 

Patients  will  be  identified  in  the  OPD  as  suitable  for  this  protocol  by  the  research  nurse  Kathy 
Lilleby.  The  patient  and  the  donor  will  have  the  protocol  discussed  by  either  Dr.  Bensinger  or  Buckner. 
This  protocol  only  concerns  the  source  of  hematopoietic  precursor  cells  for  transplantation.  Patient  and 
donor  will  also  be  presented  with  the  opportunity  to  participate  in  protocol  691  which  calls  for  collecting 
an  additional  day  of  PBSC’s  for  genetic  marking  with  the  neomycin  gene.  The  principle  investigator  on 
protocol  691  is  Dr.  Shuening.  The  primary  treatment  protocol  will  be  assigned  by  the  OPD  attending 
and  agreed  upon  by  the  ward  coordinator  who  will  register  the  patient  with  Barbara  Hardin  (667-4718). 

8.  Plan  of  Treatment. 


Day 

G-CSF 

PBSC 

Collections 

Day 

BMT 

1. 

-3. 

2. 

-2. 

3. 

-1. 

4. 

X 

0 

5. 

X 

1. 

X 

2. 

— 

A.  G-CSF  Administration  to  the  Donor: 

(1)  G-CSF  will  be  administered  by  a subcutaneous  injection  daily  beginning  2-3  days 
prior  to  day  0 (defined  as  the  day  marrow  would  ordinarily  be  given).  The 
schedule  of  G-CSF  administration  and  PBSC  collections  can  only  be  ascertained 
once  the  treatment  regimen  has  been  established  by  the  ward  coordinator  and 
day  0 identified.  The  preparative  regimen  will  be  appropriate  to  the  patient’s 
disease  per  established  autologous  or  allogeneic  protocols.  Once  a treatment 
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regimen  schedule  has  been  fixed  and  the  schedule  of  G-CSF  administration  and 
PBSC  collections  made  this  has  to  be  confirmed  with  the  personnel  in  the  white 
cell  room.  Day  0 will  be  fixed  on  a Monday. 

B.  PBSC  Collections:. 

(1)  PBSC’s  are  collected  by  continuous  flow  centrifugation  on  days  4 through  6 after 
the  first  dose  of  G-CSF.  Participants  in  protocol  691  will  undergo  an  additional 
day  of  collection  on  day  3.  Aliquots  of  each  days  collection  will  be  sent  to  Dr. 
Schuening  for  gene  insertion  procedures  as  per  protocol  691.  Day  3 or  4 will  be 
scheduled  on  a Monday  to  avoid  a weekend  apheresis. 

C.  Infusion  of  PBSC’s: 

(1)  PBSC  collections  are  infused  intravenously  immediately  after  collection  on  post- 
transplant  days  0-2.  Day  0 for  the  recipient  will  be  scheduled  on  a Monday  in 
order  to  avoid  apheresis  on  a weekend. 

9.  Evaluation. 

A.  Donor: 

(1)  All  donors  will  be  evaluated  as  if  they  were  undergoing  a marrow  harvest.  This 
evaluation  includes  a physical  examination,  EKG,  CBC,  CHEM  23,  examination 
of  serum  for  Hepatitis  B and  C,  HIV  and  antibodies  against  CMV.  Donors  will 
be  examined,  weighed  and  have  a CBC  before  each  days’  G-CSF  injection.  In 
addition,  they  will  have  a CBC  performed  after  each  pheresis  and  will  have  a 
SMA  1260  at  the  completion  of  the  apheresis  procedures.  Donors  will  be 
followed  for  2 weeks,  if  possible,  after  concluding  PBSC  donations.  After  two 
weeks  they  will  have  a repeat  physical  examination,  CBC  and  CHEM  23. 

B.  Recipient: 

(1)  Studies  will  be  performed  as  outlined  in  the  primary  treatment  protocol  and  in 
protocol  691  for  those  who  participate. 

(2)  A complete  CBC  will  be  obtained  1 hour  after  infusion  of  PBSC’s. 

C.  PBSC  Collections: 

(1)  An  aliquot  of  each  collection  will  be  assayed  for:  total  mononuclear  cells, 

granulocytes,  platelets,  red  cells,  CD34+  positive  cells,  CFU-GMs  and  long-term- 
marrow-culture-initiating  cells.  In  selected  collections  the  CD34  + cells  will  be 
isolated  for  further  sorting  by  FACS  for  rhodamine  bright  and  dull  cells.  The 
quantity  of  HLA-DR  CD2+  and  CD3+  cells  will  be  determined  on  samples  from 
all  collections  from  10  patients  by  flow  cytometry  in  Dr.  Scott  Rowley’s 
laboratory. 

10.  G-CSF  Administration,  PBSC  Collection  and  Infusion:  Toxicities  and  Complications. 

A.  Drug  Formulation: 

(1)  G-CSF(Amgen)  is  obtained  from  the  bacterial  fermentation  of  a strain  of  E.  Coli 
bearing  a genetically  engineered  plasmid  containing  the  human  G-CSF  gene.  G- 
CSF  is  formulated  in  a preservative-free  solution  for  injection  in  vials  containing 
300  /xg  of  protein  per  ml  in  1 or  1.6  ml  vials  respectively.  The  vials  are  stored  at 
2-8°C.  For  subcutaneous  injection  2-3  of  the  300  /xg  or  480  /xg  vials  will  be  - 
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required. 


B.  Administration  and  Toxicides: 

(1)  The  dose  of  G-CSF  will  be  16  /xg/kg/day.  The  appropriate  amount  of  G-CSF  is 
drawn  into  2-3  ml  syringes  containing  approximately  1.5  - 2 ml  each.  G-CSF  is 
injected  subcutaneously  in  the  thighs  or  abdomen  at  2 sites  using  a 25-30  gauge 
needle.  Toxicity  will  be  judged  using  a standard  format  for  toxicity  grading  as 
outlined  in  Appendix  A.  Toxicides  previously  encountered  with  G-CSF  are  mainly 
bone  pain.  If  any  donor  develops  Grade  2 or  above  toxicity  the  dose  for  the  next 
donor  will  be  lowered  by  50%.  Any  donor  who  develops  an  absolute  neutrophil 
count  in  excess  of  50,000/mm3  will  have  the  dose  of  G-CSF  halved  on  that  day. 
G-CSF  will  be  deleted  if  the  absolute  neutrophil  count  exceeds  75,000/mm3  In  on 
the  next  day  the  absolute  neutrophil  count  is  below  50,000/mm3  the  G-CSF  will 
be  resumed. 

C.  PBSC  Collections: 

(1)  Subclavian  Catheters: 

(a)  Percutaneous  subclavian  catheter  will  be  placed  preferentially.  Potential 
donors  who  refuse  a central  venous  catheter  will  be  evaluated  by  Dr. 
Bensinger,  Buckner  or  Rowley  for  consideration  of  a vein  to  vein 
procedure.  If  the  veins  are  adequate,  apheresis  will  be  carried  out  on  a 
vein  to  vein  basis. 

Potential  complications  related  to  the  catheter  include  infection  and 
clotting.  Patients  will  be  monitored  daily  for  local  inflammation  and  fever. 
Febrile  episodes  while  not  in  the  hospital  require  a prompt  visit  to  the  on- 
call  physician.  Episodes  of  clotting  will  be  treated  with  urokinase  as  per 
the  standard  practice  manual. 

(2)  Continuous  Flow  Centrifugation: 

(a)  PBSC’s  are  collected  by  continuous  flow  centrifugation  using  standard 
techniques  established  in  our  laboratory.  This  procedure  separates  cells 
continuously  on  the  basis  of  differential  sedimentation  in  a centrifuge  (CS- 
3000  or  Cobe  2997).  Each  collection  takes  4 hours  and  involves 
heparinizing  the  donor  (13,000  units  over  4 hours),  infusing  approximately 
100  ml  6%  hydroxyethyl  starch  and  processing  the  donor’s  blood  at  a high 
flow  rate.  To  be  practical  on  a daily  basis,  this  flow  rate  requirement  can 
best  be  met  with  the  placement  of  a central  venous  double  lumen  catheter. 
Each  days  collection  deprives  the  donor  of  approximately  300  ml  of 
plasma,  50  ml  of  packed  red  cells,  30  X 109  leukocytes  and  100  X 109 
platelets.  The  leukocytes,  plasma,  and  platelets  are  rapidly  replaced  by  the 
donor,  but  replacement  of  red  cells  is  hampered  by  the  removal  of 
reticulocytes  in  the  buffy  coat  and  the  donor’s  hematocrit  decreases  about 
1 point  daily.  This  should  not  pose  a problem  in  donor’s  who  have  not  had 
marrow  harvested. 
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(3)  PBSC  Infusions: 

(a)  PBSC  collections  contain  approximately  2-300  ml  of  volume.  Immunologic 
reactions  are  impossible  in  identical  twins.  However  a high  concentration 
of  granulocytes  could  lead  to  pulmonary  sequestration  resulting  in  a low 
concentration  of  oxygen.  Patients  will  be  closely  observed  for  such 
untoward  reactions. 

(4)  Engraftment: 

(a)  Failure  to  engraft  will  be  defined  as  not  achieving  a granulocyte  level  of  .5 
X 109/L  by  day  28  and/or  failure  to  achieve  a platelet  count  of  20  X 109/L 
without  transfusions  by  day  36.  Marrow  from  the  identical  twin  will  be 
aspirated  and  infused  at  this  point.  Late  graft  failure  is  defined  as 
achieving  engraftment  of  granulocytes  and  platelets  with  a subsequent  loss 
of  peripheral  counts  defined  as  a granulocyte  level  < .5  X 109  and/  or 
platelets  < 20  X 109  requiring  platelet  transfusions.  Marrow  from  the 
identical  twin  will  be  aspirated  and  infused  at  this  point  irrespective  of  the 
etiology. 


11.  Records. 

Records  will  be  maintained  on  this  study  by  Kathy  Lilleby. 

12.  Statistical  Considerations. 

In  review  of  engraftment  data  for  234  autologous  transplant  patients  with  diseases  other  than 
AML,  16  (7%)  had  granulocytes  counts  of  0 after  day  19,  and  26  (12%)  of  the  220  who  reached 
500  granulocytes  did  so  after  day  33.  Based  on  the  notion  that  these  patients  represent  outliers, 
these  criteria  will  be  employed  as  a working  definition  of  primary  graft  failure  for  purposes  of 
this  protocol.  Initially  we  plan  to  enroll  10  patients.  If  any  two  patients  have  primary  graft 
failure,  the  trial  will  be  closed.  This  algorithm  assures  a 74%  chance  of  enrolling  10  consecutive 
patients  if  the  true  risk  of  graft  failure  is  less  than  10%  and  an  80%  chance  of  not  enrolling  10 
patients  if  the  risk  exceeds  30%.  The  review  of  engraftment  data  also  showed  that  among 
autologous  patients  with  diseases  other  than  AML,  14%  of  those  whose  granulocyte  counts 
surpassed  500  subsequently  had  a decrease  to  less  than  500.  Of  these,  20%  died  without  again 
reaching  granulocyte  counts  of  500.  Thus  approximately  3%  of  all  patients  died  with  secondary 
graft  failure.  The  present  study  will  be  closed  if  any  engrafted  patient  (granulocytes  greater  than 
500  for  three  consecutive  days)  subsequently  dies  with  a granulocyte  count  less  than  500  without 
an  obvious  explanation  such  as  relapse,  CMV  infection  or  drug  toxicity.  This  algorithm  assures  a 
78%  chance  of  enrolling  10  patients  if  the  true  risk  of  death  from  secondary  graft  failure  is  less 
than  2.5%  and  a 79%  chance  of  not  enrolling  10  patients  if  the  risk  exceeds  16%. 

The  secondary  endpoints  of  this  study  are  time  to  achieve  a self-sustaining  granulocyte  levels  of 
100,  200,  500  and  1000/mm3  and  untransfused  platelet  levels  of  20,000,  50,000  and  100,000/mm3. 
Other  endpoints  will  include  the  number  of  platelet  and  red  cell  transfusions  administered. 

These  endpoints  will  be  compared  to  3 historical  control  groups:  1.  identical  twins  receiving 
marrow  alone,  2.  identical  twins  receiving  marrow  and  post-transplant  growth  factors  and  3. 
identical  twins  receiving  marrow  plus  PBSC’s. 

Morbidity  and  expense  of  PBSC  collections  versus  marrow  aspiration  will  be  determined.  - 
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13.  Termination  of  Study. 

Primary  or  secondary  graft  failure.  Two  instances  of  primary  graft  failure  or  1 instance 
of  secondary  graft  failure  will  terminate  the  study. 

This  study  will  be  also  be  terminated  if  10  consecutive  patients  achieve  prompt  and 
durable  engraftment.  At  that  point  morbidity  and  expense  of  the  use  of  PBSC’s  vs  marrow  will  be 
determined.  Comparisons  will  as  be  made  with  historical  control  patients  as  outlined  above.  We 
expect  to  accrue  5-6  patients  per  year  into  this  study. 
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INVESTIGATORS:  CD.  Buckner,  MD.,  Professor  of  Medicine,  UW,  Member,  FHCRC  (667-4453)  W. 
Bensinger,  MD.  Associate  Professor  of  Medicine,  UW,  Associate  Member,  FHCRC,  (667-4933);  F. 
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Emergency  (24  hour)  Phone:  667-5001 


Attending  physician: Phone: 

BACKGROUND 

This  marrow  transplant  procedure  is  being  undertaken  in  an  attempt  to  cure  your  cancer..  During  this 
treatment  you  will  undergo  intensive  chemotherapy  and  radiation  treatments.  These  treatments  in 
addition  to  killing  your  cancer  will  result  in  irreversible  damage  to  your  bone  marrow.  Without  a 
replacement  source  of  stem  cells,  you  would  die.  Stem  cells  reside  in  your  bone  marrow  and  produce 
blood  cells.  The  usual  source  of  stem  cells  is  marrow  that  is  harvested  from  your  identical  twin.  More 
recently,  doctors  have  used  growth  factors  (substances  that  stimulate  stem  cells  in  the  bone  marrow)  to 
cause  stem  cells  to  circulate  in  the  peripheral  blood.  This  allows  the  collection  of  the  cells  by 
leukapheresis  equipment  (special  machines  that  collect  cells  from  the  blood).  It  has  been  found  that  by 
using  these  growth  factor  stimulated  peripheral  blood  stem  cells,  a bone  marrow  harvest  can  be  avoided 
and  the  recovery  of  blood  counts  after  infusion  of  these  cells  is  more  rapid  than  with  bone  marrow 
alone. 


PURPOSE 

The  purpose  of  this  study  will  be  to  utilize  these  growth  factor  stimulated  peripheral  blood  stem  cells  in 
order  to  determine  whether  these  cells  are  capable  of  engraftment  without  the  use  of  bone  marrow. 
There  is  no  guarantee  or  promise  that  the  procedures  will  be  successful.  Your  bone  marrow  donor  will 
be  given  five  days  of  injection  with  a growth  factor  called  G-CSF.  Leukapheresis  procedures  will  be 
performed  for  three  days  beginning  on  day  zero,  the  usual  day  of  the  marrow  harvest.  The  fresh 
collections  of  stem  cells  will  then  be  transfused  through  your  Hickman  catheter  for  three  consecutive 
days. 

PROCEDURES 

During  the  first  2-3  weeks  postgrafting,  approximately  10  to  100  ml  of  blood  (2  teaspoons  to  20 
teaspoons)  will  be  drawn  daily  or  less  frequently  depending  on  your  condition.  The  maximum  amount 
of  blood  drawn  per  day  will  not  exceed  5 ml/kg  patient  weight  (1  tsp/kg).  Blood  will  be  drawn  less 
frequently  as  you  progressively  improve.  These  blood  samples  will  be  used  for  various  tests  to  monitor 
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the  your  clinical  condition.  Special  studies  involving  blood  drawing  for  specific  research  studies  are 
described  in  the  appropriate  consent  forms. 

RISKS,  STRESS,  OR  DISCOMFORT 

Cyclophosphamide  may  cause  nausea,  vomiting,  diarrhea,  temporary  bladder  irritation,  and,  at  times, 
bleeding  from  the  bladder,  and  temporary  hair  loss.  A small  portion  of  patients  may  have  prolonged 
bladder  damage  and  bleeding.  Cyclophosphamide  also  suppresses  production  of  red  blood  cells,  white 
blood  cells,  and  platelets,  causing  a risk  of  infection  and/or  hemorrhage  until  the  graft  begins  to 
function.  Cyclophosphamide  causes  decreased  immunity  which  may  also  lead  to  increased  infections  for 
several  months  following  transplant.  Heart  damage  may  occur  in  a small  number  of  patients. 
Cyclophosphamide  may  result  in  sterility.  Even  if  sterility  does  not  occur,  there  is  a major  risk  of 
genetic  damage  to  any  future  offspring.  There  may  be  some  as  yet  unknown  consequences  to  the 
patients  health  resulting  from  the  administration  of  cyclophosphamide. 

Total  Body  Irradiation  may  cause  nausea  vomiting  diarrhea  and  painful  swelling  of  the  parotid  gland  (a 
gland  under  the  chin)  for  a few  days.  Temporary  hair  loss  also  occurs.  The  TBI  will  also  destroy  both 
the  abnormal  and  normal  marrow,  leading  to  a disappearance  of  red  blood  cells,  white  blood  cells,  and 
platelets.  The  temporary  absence  of  these  blood  products  produces  a risk  of  anemia,  infection,  and/or. 
bleeding  which  will  persist  until  the  bone  marrow  transplant  begins  to  function.  Blood  transfusions  will 
be  provided  as  needed.  There  is  a risk  that  cataracts  may  develop  in  the  eyes  (an  opacity  or  whitening 
of  the  lens)  which  results  in  partial  loss  of  vision  which  may  require  contact  lens  or  surgery  to  remove 
the  cataracts.  The  irradiation  dose  used  will  probably  result  in  sterility.  Even  if  sterility  does  not  occur, 
there  is  a major  risk  of  genetic  damage  to  any  future  offspring.  There  may  be  some  as  yet  unknown 
consequences  to  the  patients  health  resulting  from  the  administration  of  total  body  irradiation. 

Busulfan.  The  immediate  effects  of  busulfan  may  include  vomiting,  diarrhea,  and  seizures.  Medication 
will  be  given  to  minimize  or  prevent  these  side  effects.  The  late  effects  which  are  usually  temporary 
may  include  hair  loss  and  hyperpigmentation  (changes  in  skin  color).  Some  patients  may  develop  a 
rash.  Some  patients  may  develop  mucositis  (mouth  sores).  Some  patients  may  develop  abnormal 
function  of  the  liver  or  lung. 

Marrow  Transplant.  There  is  a risk  of  increased  infections  or  even  death  prior  to  engraftment  or  in 
the  event  your  marrow  does  not  function  adequately  after  engraftment.  Blood  counts  will  be  done 
frequently  to  monitor  the  return  of  marrow  function.  Platelet  and  red  cell  transfusions  will  be  given  as 
necessary  to  maintain  adequate  levels.  There  is  a risk  that  the  peripheral  blood  stem  cell  graft  may  not 
grow.  Such  a graft  failure  might  be  fatal  unless  a second  transplant  could  be  carried  out.  In  this  event 
marrow  would  be  harvested  from  your  twin  donor  between  20  and  30  days  after  transplant. 

The  risks  of  transplant  are  extensive  and  include  the  possibility  of  life-threatening  infection,  bleeding,  or 
organ  damage  leading  to  death. 


BENEFITS 

The  benefits  to  you  will  be  a faster  graft  if  peripheral  blood  stem  cells  result  in  more  rapid  recovery  of 
blood  counts.  This  would  result  in  earlier  discharge  from  the  hospital  and  a potential  for  fewer 
infections  or  bleeding  complications. 
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ALTERNATIVES 


The  alternatives  are  not  to  participate  in  this  research  study.  In  that  event,  the  bone  marrow  would  be 
obtained  from  your  twin  donor  in  the  usual  manner  under  general  anesthesia  and  require  an  overnight 
stay  in  the  hospital. 

OTHER  INFORMATION 

This  treatment  is  being  undertaken  for  the  above  described  fatal  disease.  In  agreeing  to  participate  in  a 
research  program  you  are  choosing  to  receive  therapy  that  is  not  yet  available  outside  of  research 
institutions.  This  therapy  is  based  on  laboratory  studies  and/or  exchange  of  information  with  other 
research  centers.  Although  we  expect  it  to  benefit  your  condition,  there  is  no  assurance  that  it  will  do 
so,  and  it  is  possible  that  you  may  have  unfavorable  complications  which  might  also  be  fatal 

Your  decision  to  participate  in  this  study  is  voluntary.  You  can  decide  whether  or  not  to  participate  in 
this  study.  You  may  decide  not  to  participate  in  this  study  at  any  time,  for  any  reason,  without  notice. 
However,  if  you  withdraw  after  some  or  all  of  the  treatment  is  given  and  before  the  marrow  is  given, 
then  marrow  function  may  not  return  and  could  result  in  death.  You  will  continue  to  receive  medical 
care  even  if  you  decide  to  discontinue  treatment  on  this  study. 

. There  is  no  financial  compensation  for  participation  in  this  program. 

It  is  understood  that  all  medical  expenses  relating  to,  or  arising  from,  these  procedures  will  be  paid  by 
you  and/or  your  insurance  company.  Financial  compensation  is  not  available  in  the  event  of  physical 
injury,  adverse  effects,  or  death  resulting  from  this  research  project  Medical  care  will  be  authorized  by 
the  attending  physician.  You  and/or  your  insurance  company  will  be  responsible  for  all  costs  arising 
from  the  medical  care. 

If  you  have  questions  regarding  your  costs,  financial  responsibilities,  and/or  medical  insurance  coverage 
for  this  activity,  please  contact  the  Supervisor  of  the  Financial  Consultation  Office  at  667-4307. 

In  order  to  evaluate  the  results  of  this  study,  your  medical  records  will  need  to  be  available,  now  and  in 
the  future,  to  other  physicians  and  researchers  associated  with  the  research  project.  The  National 
Institutes  of  Health,  Food  and  Drug  Administration,  and  Amgen  (drug  company  making  G-CSF)  will 
also  have  to  have  access  to  this  information.  All  precautions  to  maintain  confidentiality  of  medical 
records  and  personal  information  will  be  taken.  Your  personal  identity  will  not  be  revealed  in  any 
publication  or  results.  Study  records  will  be  maintained  indefinitely  for  the  purpose  of  analysis  and 
follow-up. 

If  you  have  questions  about  the  research  [or  related  injury]  please  contact  the  attending  physician  of 
your  twin,  your  attending  physician  in  the  Outpatient  Department,  Dr.  Buckner  or  Dr.  Bensinger  at 
667-4453. 

If  you  have  any  questions  about  your  rights  as  a research  participant,  please  contact  Karen  Hansen  in 
the  Institutional  Review  Office  of  Fred  Hutchinson  Cancer  Research  Center  at  206/667-4867. 
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INVESTIGATOR’S  STATEMENT 

I have  provided  an  explanation  of  the  above  research  program.  The  subject  was  given  an  opportunity  to 
discuss  the  procedures,  including  possible  alternatives,  and  to  ask  any  additional  questions.  A signed 
copy  of  this  consent  form  has  been  given  to  the  subject. 


Investigator’s  Signature  /Date 


SUBJECTS  STATEMENT 

I agree  to  this  study  and  to  the  conditions  outlined  in  the  Basic  Oncology  Consent  Form  which  I have 
read  and  signed.  I have  had  an  opportunity  to  ask  questions  of  the  physicians,  including  questions  about 
risks,  benefits  and  alternatives  to  treatment.  I have  also  have  the  opportunity  to  ask  questions  about 
the  study,  my  participation  and  the  need  for  access  to  my  medical  records.  They  have  been  answered  to 
my  satisfaction. 

I understand  future  questions  I may  have  about  the  research  will  be  answered  by  one  of  the 
investigators  listed  above.  Any  financial  questions  or  questions  I have  about  my  rights  as  a research 
subject  will  be  answered  by  the  persons  identified  above.  No  promises  or  guarantees  have  been  made 
regarding  the  anticipated  outcome  of  any  tests  or  procedures. 

I am  aware  that  I and/or  my  insurance  carrier  is  responsible  for  the  costs  incurred  in  the  therapy 
provided  including  adverse  effects.  I give  permission  for  my  medical  records  to  be  available  to 
physicians  and  personnel  for  this  study  at  the  University  of  Washington  and  the  Fred  Hutchinson 
Cancer  Research  Center,  the  National  Institutes  of  Health,  the  Food  and  Drug  Administration,  and 
Amgen  (drug  company  making  G-CSF).  I acknowledge  that  I will  receive  a signed  copy  of  this  consent 
form. 


Patient 


/Date  Witness 


/Date 


Parent/legal  guardian  /Date  Other  parent/legal  guardian  /Date 

[for  patients  < 18  years  old]  [if  reasonably  available] 

#753.0A  -06/17/92 

Copies  to:  Patient,  Medical  Records,  Research  file 
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1.  Consent  to  Participate  in  A Trial  of  G-CSF  Stimulated  Peripheral  Blood  Stem  Cells  for 
Engraftment  in  Identical  Twins  - Donor 

INVESTIGATORS:  C.D.  Buckner,  M.D.,  Professor  of  Medicine,  UW,  Member,  FHCRC  (667-4453)  W. 
Bensinger,  M.D.  Associate  Professor  of  Medicine,  UW,  Associate  Member,  FHCRC,  (667-4933);  F. 
Schuening,  M.D.,  Assistant  Member,  FHCRC  (667-4410);  J.  Singer,  M.D.;  R.  Storb,  M.D.,  Professor  of 
Medicine,  UW,  Member,  FHCRC,  (667-4407);  S.  Rowley,  M.D.,  Associate  Member,  FHCRC,  (667- 
5914);  P.  Martin,  M.D.,  Professor  of  Medicine,  UW,  Member,  FHCRC,  (667-4798);  L.  Fisher,  PhD., 
Professor  of  Biostatistics,  UW,  Member,  FHCRC,  (667-4567). 

Emergency  (24  hour)  Phone:  667-5001 


Attending  physician: Phone: 

BACKGROUND 

Your  identical  twin  is  about  to  begin  treatment  with  intensive  chemotherapy  and  radiation  treatments  in 
an  attempt  to  eradicate  the  cancer.  This  intensive  treatment  would  not  be  possible  without  the  use  of 
stem  cells  (cells  that  are  found  in  the  bone  marrow  that  allow  blood  counts  to  recover)  to  replace  cells 
that  are  damaged  by  the  intensive  treatment.  The  usual  source  of  these  stem  cells  is  from  bone  marrow 
given  by  the  donor.  This  procedure  requires  a brief  hospitalization  and  a harvest  of  the  marrow  in  an 
operating  room  usually  while  the  donor  is  asleep.  Recently,  it  has  been  learned  that  it  is  possible  to 
stimulate  these  stem  cells  to  circulate  in  the  blood  by  using  a growth  factor  (a  substance  that  stimulates 
blood  cells).  This  growth  factor,  called  G-CSF,  will  allow  us  to  collect  enough  stem  cells  from  your 
peripheral  blood  to  give  to  your  identical  twin  instead  of  marrow  for  the  recovery  of  bone  marrow 
function.  Studies  involving  patients  own  stem  cells  (autologous)  show  that  stem  cells  collected  from  the 
peripheral  blood  in  this  manner  result  in  a more  rapid  recovery  of  blood  counts  than  marrow  alone.  By 
participating  in  this  study,  you  may  be  able  to  avoid  an  operation  requiring  marrow  harvest  anesthesia 
and  the  overnight  stay  in  the  hospital. 


PURPOSE 

The  purpose  of  this  study  it  to  test  whether  growth  factor  stimulated  peripheral  blood  stem  cells  can 
serve  as  a substitute  for  bone  marrow  cells  in  patients  undergoing  transplant  from  identical  twins. 
There  is  no  guarantee  or  promise  that  this  procedure  will  be  successful. 


PROCEDURES 

This  treatment  will  require  that  you  have  subcutaneous  injection  with  the  growth  factor  G-CSF  every 
day  for  five  days.  The  injection(s)  will  be  given  in  your  thighs  or  upper  arms. 
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The  next  procedure  will  require  the  insertion  of  a catheter  into  a large  vein  in  your  chest  This 
procedure  takes  about  15  minutes  and  is  done  under  a local  anesthetic  and  will  be  done  in  the  same 
room  where  the  collection  of  peripheral  blood  cells  will  be  performed.  The  peripheral  blood  stem  cell 
collections,  called  leukapheresis,  will  be  performed  daily  for  three  days  beginning  on  the  4th,  5th,  and 
6th  day  after  beginning  the  G-CSF  injections.  Procedures  will  require  three  to  four  hours  each  for 
three  consecutive  days. 

During  the  first  2-3  weeks  postgrafting,  approximately  10  to  100  ml  of  blood  (2  teaspoons  to  20 
teaspoons)  will  be  drawn  daily  or  less  frequently  depending  on  your  condition.  The  maximum  amount 
of  blood  drawn  per  day  will  not  exceed  5 ml/kg  patient  weight  (1  tsp/kg).  Blood  will  be  drawn  less 
frequently  as  you  progressively  improve.  These  blood  samples  will  be  used  for  various  tests  to  monitor 
the  your  clinical  condition.  Special  studies  involving  blood  drawing  for  specific  research  studies  are 
described  in  the  appropriate  consent  forms. 


RISKS,  STRESS,  OR  DISCOMFORT 

There  is  a minor  amount  of  discomfort  from  the  daily  injections  with  G-CSF.  Occasional  patients 
complain  about  bone  aches  on  the  3rd  or  4th  day  of  the  injections.  The  placement  of  the  catheter  in 
the  chest  will  result  in  some  minor  discomfort  or  soreness  for  a few  days.  There  is  the  possibility  of 
bleeding  from  this  catheter.  The  leukapheresis  procedure  may  result  in  some  numbness  or  tingling  in 
the  jaw  or  fingers  because  of  one  of  the  anticoagulants  used.  This  can  be  easily  treated  with  calcium 
infusions. 

It  is  possible  that  if  the  peripheral  blood  stem  cells  do  not  result  in  a bone  marrow  graft,  it  will  still  be 
necessary  to  harvest  your  bone  marrow.  This  would  occur  20-30  days  following  completion  of  your 
peripheral  blood  collections. 


BENEFITS 

The  benefits  are  that  if  successful,  you  would  avoid  the  necessity  for  a bone  marrow  harvest.  The  other 
benefit  is  that  your  twin  may  achieve  faster  recovery  of  blood  counts  and  earlier  discharge  from  the 
hospital.  This  would  also  lessen  the  chance  of  infection  or  bleeding  after  transplant. 


ALTERNATIVES 

The  alternatives  are  not  to  participate  in  this  study  in  which  case  your  marrow  would  be  harvested  in 
the  usual  manner. 


OTHER  INFORMATION 

Your  decision  to  participate  in  this  study  is  voluntary.  You  can  decide  whether  or  not  to  participate  in 
this  study.  You  may  decide  not  to  participate  in  this  study  at  any  time,  for  any  reason,  without  notice. 

There  is  no  financial  compensation  for  participation  in  this  program. 
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It  is  understood  that  all  medical  expenses  relating  to,  or  arising  from,  these  procedures  will  be  paid  by 
you  and/or  your  insurance  company.  Financial  compensation  is  not  available  in  the  event  of  physical 
injury,  adverse  effects,  or  death  resulting  from  this  research  project.  Medical  care  will  be  authorized  by 
the  attending  physician.  You  and/or  your  insurance  company  will  be  responsible  for  all  costs  arising 
from  the  medical  care. 

If  you  have  questions  regarding  your  costs,  financial  responsibilities,  and/or  medical  insurance  coverage 
for  this  activity,  please  contact  the  Supervisor  of  the  Financial  Consultation  Office  at  667-4307. 

In  order  to  evaluate  the  results  of  this  study,  your  medical  records  will  need  to  be  available,  now  and  in 
the  future,  to  other  physicians  and  researchers  associated  with  the  research  project.  The  National 
Institutes  of  Health,  Food  and  Drug  Administration,  and  Amgen  (drug  company  making  G-CSF)  will 
also  have  to  have  access  to  this  information.  All  precautions  to  maintain  confidentiality  of  medical 
records  and  personal  information  will  be  taken.  Your  personal  identity  will  not  be  revealed  in  any 
publication  or  results.  Study  records  will  be  maintained  indefinitely  for  the  purpose  of  analysis  and 
follow-up. 

If  you  have  questions  about  the  research  [or  related  injury]  please  contact  the  attending  physician  of 
your  twin,  your  attending  physician  in  the  Outpatient  Department,  Dr.  Buckner  or  Dr.  Bensinger  at 
667-4453. 

If  you  have  any  questions  about  yotir  rights  as  a research  participant,  please  contact  Karen  Hansen  in 
the  Institutional  Review  Office  of  Fred  Hutchinson  Cancer  Research  Center  at  206/667-4867. 


INVESTIGATOR’S  STATEMENT 

I have  provided  an  explanation  of  the  above  research  program.  The  subject  was  given  an  opportunity  to 
discuss  the  procedures,  including  possible  alternatives,  and  to  ask  any  additional  questions.  A signed 
copy  of  this  consent  form  has  been  given  to  the  subject. 


Investigator’s  Signature 


/Date 


SUBJECT’S  STATEMENT 

I agree  to  this  study  and  to  the  conditions  outlined  in  the  Basic  Oncology  Consent  Form  which  I have 
read  and  signed.  I have  had  an  opportunity  to  ask  questioi  s of  the  physicians,  including  questions  about 
risks,  benefits  and  alternatives  to  treatment.  I have  also  have  the  opportunity  to  ask  questions  about 
the  study,  my  participation  and  the  need  for  access  to  my  medical  records.  They  have  been  answered  to 
my  satisfaction. 

I understand  future  questions  I may  have  about  the  research  will  be  answered  by  one  of  the 
investigators  listed  above.  Any  financial  questions  or  questions  I have  about  my  rights  as  a research 
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subject  will  be  answered  by  the  persons  identified  above.  No  promises  or  guarantees  have  been  made 
regarding  the  anticipated  outcome  of  any  tests  or  procedures. 

I am  aware  that  I and/or  my  insurance  carrier  is  responsible  for  the  costs  incurred  in  the  therapy 
provided  including  adverse  effects.  I give  permission  for  my  medical  records  to  be  available  to 
physicians  and  personnel  for  this  study  at  the  University  of  Washington  and  the  Fred  Hutchinson 
Cancer  Research  Center,  the  National  Institutes  of  Health,  the  Food  and  Drug  Administration,  and 
Amgen  (drug  company  making  G-CSF).  I acknowledge  that  I will  receive  a signed  copy  of  this  consent 
form. 


Patient 


/Date  Witness 


/Date 


Other  parent/legal  guardian  /Date 

[if  reasonably  available] 

#753.0C  - 06/17/92 

Copies  to:  Patient,  Medical  Records,  Research  file 


Parent/legal  guardian  /Date 

[for  patients  < 18  years  old] 
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Appendix  E:  Scientific  Abstract 


Mononucleated  cells  collected  from  peripheral  blood  are  capable  of  reconstituting  hematopoiesis 
in  hosts  whose  marrow  has  been  largely  ablated,  suggesting  the  presence  of  hematopoietic 
repopulating  cells  in  peripheral  blood.  Whether  these  cells  provide  long-term  reconstitution,  or  only 
short-term  repopulation  which  allows  for  endogenous  reconstitution,  has  not  been  firmly  established 
in  humans.  The  purpose  of  this  study  is  to  investigate  this  question  by  marking  25%  of  the 
peripheral  blood  repopulating  cells  (PBRC)  before  transplantation  with  the  selectable  marker  gene 
encoding  neomycin  phosphotransferase  (neo).  The  neo  gene  is  transduced  by  cocultivating  growth 
factor  mobilized  CD34  positive  PBRC  for  24  hours  on  lethally  irradiated  retrovirus-vector  producing 
packaging  cells  and  additional  incubation  in  a vector-containing  long-term  marrow  culture  system 
for  10  days.  This  transduction  protocol  has  been  shown  in  the  dog  model  to  transduce  marrow,  as 
well  as  peripheral  blood  derived  repopulating  cells,  without  any  long-term  side  effects.  After 
conditioning  with  total  body  irradiation  and/or  chemotherapy  and  subsequent  infusion  of  transduced 
cells,  their  contribution  to  long-term  hematopoietic  reconstitution  will  be  assessed  by  analyzing 
peripheral  blood  and  marrow  cells  repeatedly  for  the  presence  and  expression  of  the  marker  gene. 
Cells  will  be  analyzed  by  PCR  for  the  presence  of  retrovirus  vector  DNA.  Neo  gene  expression  will 
be  determined  by  G418-resistant  colony  assays.  These  tests  will  provide  information  about  whether 
and  to  what  extent  the  transduced  PBRC  contribute  to  long-term  hematopoietic  reconstitution  after 
transplantation.  These  studies  would  help  determine  the  best  strategies  for  transducing  retrovirus 
vector  into  human  hematopoietic  repopulating  cells,  the  requisite  next  step  before  gene  therapy  in 
combination  with  marrow  or  PBRC  transplantation  can  be  used  for  treating  human  disease. 
Furthermore,  the  demonstration  of  long-term  contribution  of  PBRC  to  hematopoiesis  would  be  of 
considerable  significance  because  it  would  enable  the  use  of  PBRC  alone  for  .autologous  and 
allogeneic  transplants  and  it  would  suggest  the  use  of  PBRC  as  a long-term  carrier  of  the 
therapeutically  relevant  genes  in  future  gene  therapy. 
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Appendix  F:  Non-Technieal  Description  of  Experiment 


Recent  scientific  advances  have  made  it  possible  to  put  a new  gene  into  a cell  in  order  to  follow  its 
life  span.  This  technology  is  called  "retrovirus  mediated  gene  transfer."  A gene  is  the  part  of  a 
chromosome  (hereditary  material)  that  contains  the  information  needed  by  cells  to  make  proteins. 
In  this  study,  a gene  is  inserted  into  peripheral  blood  progenitor  cells  (PBRC).  These  are  the 
"mother  cells"  which  produce  red  blood  cells,  white  blood  cells  and  platelets.  It  is  currently  unknown 
whether  these  PBRC  produce  white  cells,  red  cells  and  platelets  in  humans  only  for  a short  period 
(weeks  to  several  months),  or  whether  they  produce  these  important  cells  for  the  lifetime  of  a 
person.  The  purpose  of  this  study  is  to  investigate  this  question  by  marking  25%  of  the  PBRC 
before  transplantation  with  the  marker  gene  encoding  for  the  protein  neomycin  phosphotransferase 
(neo).  The  neo  gene  is  inserted  into  the  PBRC  using  the  following  procedure. 

PBRC  will  be  obtained  by  leukophoresis  after  the  donor  has  been  treated  for  several  days  with 
growth  factor  to  increase  the  number  of  PBRC  in  peripheral  blood.  25%  of  these  cells  will  be  used 
for  marker  gene  insertion.  The  gene  is  attached  to  a virus  from  mice  that  can  enter  the  PBRC, 
taking  the  gene  with  it.  This  virus  is  modified  such  that  it  can  enter  the  blood  cells  only  once,  but 
it  cannot  spread  in  the  patient’s  body  and  cause  an  infection.  PBRC  are  marked  by  incubation  with 
the  cells  producing  the  virus  which  contains  the  marker  gene.  Virus  producing  cells  are  lethally 
irradiated  before  PBRC  are  added  to.  prevent  infusion  of  live  virus-producing  cells  into  the  patient. 
After  24  hours  of  incubation  cells  are  harvested  and  incubated  for  10  days  in  a specific  culture 
system  which  supports  the  survival  of  PBRC  (long-term  marrow  culture,  LTMC).  The  LTMC 
contains  marker  gene  containing  virus  which  is  added  every  second  day.  After  four  days  of  LTMC 
cell  samples  will  be  obtained  from  the  cultures  and  tested  for  sterility  and  for  absence  of  infectious 
"helper"  virus.  If  no  abnormalities  in  the  marked  cells  are  identified,  they  will  be  given  through  a 
large  vein  to  the  patient  after  treatment  with  high-dose  total  body  irradiation  and/or  chemotherapy. 
About  three  weeks  after  transplant,  when  the  patient’s  blood  shows  sufficient  numbers  of  new  white 
cells,  approximately  20  ml  of  blood  will  be  drawn  weekly  until  discharge  home  (about  90  days  after 
transplant).  Blood  cells  will  be  analyzed  for  the  presence  of  the  marker  gene.  At  the  times  of 
routine  marrow  aspirations  (days  21,  56  and  84  after  transplantation),  5 ml  of  marrow  will  be 
obtained  in  addition  to  the  routine  quantity,  and  will  be  analyzed  for  the  presence  of  the  marker 
gene.  The  same  amount  of  marrow  and  blood  will  be  obtained,  in  addition  to  routine,  at  the  one 
year  long-term  follow  up  at  the  transplant  center.  Blood  will  also  be  obtained  at  yearly  intervals 
for  up  to  ten  years  by  the  patient’s  hometown  physician  and  sent  to  the  transplant  center  for 
analysis.  These  tests  will  provide  information  about  whether  and  to  what  extent  the  marked  PBRC 
contribute  in  the  long-term  to  blood  cell  production. 
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HUMAN  GENE  TRANSFER/THERAPY  PROTOCOL 


9209-030 


Deisseroth,  Albert  B.,  University  of  Texas  MD  Anderson  Cancer 
Center;  Use  of  Retroviral  Markers  to  Evaluate  the  Efficacy  of  Purging  and 
to  Discriminate  Between  Relapse  which  Arises  from  Systemic  Disease 
Remaining  after  Preparative  Therapy  Versus  Relapse  due  to  Residual 
Neoplastic  Cells  in  Autologous  Marrow  Following  Purging  in  Patients  with 
Chronic  Lymphocytic  Leukemia  (CLL). 

Date  of  RAC  Approval:  9-14-92 
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Protocol  Title:  Use  of  Retroviral  Markers  to  Identify 

Efficacy  of  Purging  and  Origin  of  Relapse 
Following  Autologous  Bone  Marrow 
Transplantation  in  Chronic  Lymphocytic 
Leukemia  ( CLL)  Patients 

1.0  OBJECTIVES 

2 . 0 BACKGROUND 

3 . 0 BACKGROUND  DRUG  INFORMATION 

4.0  PATIENT  ELIGIBILITY 

5.0  TREATMENT  PLAN 

6 . 0 PRE-TREATMENT  EVALUATION 

7.0  EVALUATION  DURING  STUDY 

8.0  CRITERIA  FOR  RESPONSE  AND  TOXICITY 

9 . 0 CRITERIA  FOR  REMOVAL  FROM  STUDY 


10.0  STATISTICAL  CONSIDERATIONS 


11.0 
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Protocol:  (Give  number  and  abbreviated  title)  Twoi.no.  not  to  exceed  75  characters  per  line) 

Identification  of  Origin  of  Relapse  in  CLL  Patients 


H Study  Chairman:  Albert  Deiseroth,  M.D.  / Ph.C 


Patient  Eligibility: 

(Twenty  lines  not  to  exceed  75  cherecters  per  line) 

l. 

Patients  with  CLL  who  have  progressed  following  initial 
chemotherapy  are  not  eligible  for  allogeneic  bone  marrow 
transplantation . 

2 . 

Age  16  to  6'0  years 

- 

3. 

Performance  status  0-2  and 
and  pulmonary  functions: 

acceptable 

cardiac,  renal,  hepatic, 

treatment  Plan:  (Include  dose  adjustment) 

(Twenty  lines  not  to  exceed  75  characters  per  line) 

1.  CLL  patients  will  have  peripheral  blood  and  bone  marrow  stored 
after  conventional  dose  chemotherapy.  The  autologous  marrow 
will  be  purged  in  vitro  following  which  30%  of  it  will  be 
marked  with  the  GIN  safety  modified  retrovirus  after  CD34 
positive  selection. 

2.  Autologous  bone  marrow  reinfusion  on  day  9.  Thirty  percent  of 
the  autologous  bone  marrow  cells  stored  will  have  been  exposed 
to  a replication  incompetent  retroviral  vector,  which  is 
designed  to  mark  the  hematopoietic  stem  cells  from  the  normal 
and  leukemic  population.  Benadryl  25  mg  and  solucortef  100  mg 
will  be  given  before  bone  marrow  infusion  to  prevent 
anaphylaxis . 

3.  Patients  will  receive  prophylactic  oral  antibiotics  and  blood 
products  irradiated  with  2500  rads. 
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Patient  Evaluation: 

(Twenty  lines  not  to  exceed  75  characters  per  line! 

Pre- 
Treat  . 

Every 
2-3  davs 

When  WBC  count  > 1.5  K/ul 
everv  3 months  in  remission 

History,  phys.  exam 

X 

CBC , differential 
and  platelet  counts 

X 

X 

X 

SMA12 /PT/PTT/FIB/FSP 
and  electrolytes* 

X 

X 

X 

PBlood  Sample  for  PCR 

X 

X 

BM  aspirate  & BX** 

X 

X 

BM  cytogenetics  & PCR 
EKG/CXR/ urinalysis* 
Pulmonary  function 
test 

X 

X 

X 

X 

* In  addition  as  indicated  by  clinical  and  hematologic  situations 

**  Bone  marrow  aspirate  +21  and  +32  days  post  peripheral  blood  and  marrow 
reinfusion  as  indicated  and  every  three  to  four  weeks  for  the  first  six 
months  and  then  at  six  monthly  intervals  for  four  additional  years  after 
hematopoietic  recovery  and  for  morphology  cytogenetics,  and  PCR  for  bcr- 
abl  and  neo  and  at  the  time  of  relapse  if  that  should  occur. 


Miscellaneous  Information:  (Include  any  other  information  that  you  feel  is  pertinent  to  the  study) 

(Three  lines  not  to  exceed  75  characters  per  line) 


Statistical  Considerations: 


We  plan  to  initially  study  10  patients.  . All  10  patients  will  be  available  for 
analysis  of  retroviral  marking  on  the  basis  of  the  fact  that  a high 
probability  exists  that  between  200  to  20,000  retrovirally  marked  CLL  cells 
will  be  infused  with  each  marrow.  It  is  probable  that  several  of  the  10 
patients  will  produce  marked  cells  at  relapse  if  the  marrow  is  the  origin  of 
the  relapse.  The  marking  virus  has  been  approved  for  use  in  man  (see  Appendix 
B) . The  percent  of  colonies  positive  for  the  vector  used  to  mark  the  marrow 
will  be  measured  during  and  after  hematopoietic  recovery  at  four  weekly 
intervals  for  the  first  12  months. 


Objectives: 


(Twelve  lines  not  to  exceed  75  cheracters  per  line) 


To  evaluate  independently  two  different  purging  steps  in  the 
autologous  marrow  of  CLL  patients,  the  origin  of  relapse  in  CLL 
patients  following  intensive  preparative  therapy,  transplantation 
with  autologous  cells  marked  with  safety  modified  retroviruses, 
and  the,  relative  level  of  contamination  of  each  cell  source 
(peripheral  blood  or  marrow)  with  leukemia  cells  following 
purging.  The  marrow  will  be  purged  with  CD34  positive  selection 
and  subjected  to  CD19  negative  selection. 
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OBJECTIVES 


1.1  To  evaluate  two  separate  purging  steps  in  the  marrow 
of  CLL  patients. 

1.2  To  evaluate  the  origin  of  relapse  of  leukemia  cells 
remaining  in  the  systemic  circulation  following 
intensive  preparative  therapy  versus  leukemic  cells 
remaining  in  the  marrow  following  purging  with 
monoclonal  antibodies. 

1.3  The  marrow  will  have  been  stored  at  a time  of 
hematological  remission  following  conventional  dose 
chemotherapy . 

1.4  To  analyze  the  hematological  response  following 
autologous  transplant. 

2 . 0 BACKGROUND 

The  use  of  exogenous  hematopoietic  reconstitution  has 
permitted  the  delivery  of  intensive  therapy  for  induction 
of  remission  and  cures  in  both  acute  and  chronic 
leukemias.  Autologous  and  allogeneic  bone  marrow 
transplantation  is  designed  to  generate  induction  of  long 
term  disease-free  remissions. 

Chronic  lymphocytic  leukemia  is  a disease  in  which  the 
majority  of  patients  relapse  following  induction  of 
complete  remissions  induced  by  fludarabine  and  prednisone 
or  fludarabine  alone.  For  patients  ineligible  for 
allografting,  the  only  option  with  a hope  of  long  term 
disease-free  survival  is  intensive  therapy  supported  by 
autologous  bone  marrow  transplantation. 

Marrow  contamination  by  neoplastic  lymphoid  cells  is  a 
major  problem  even  in  patients  in  whom  morphological 
remission  is  achieved,  since  virtually  all  of  these 
patients  exhibit  marrow  relapse.  Thus,  in  autologous 
bone  marrow  transplantation,  it  is  important  to 
fractionate  in  vitro  the  bone  marrow  following 
achievement  of  a complete  remission  so  as  to  remove  the 
majority  of  neoplastic  lymphoid  cells.  We  are  proposing 
to  first  induce  morphological  remission  with  the 
fludarabine  and  prednisone.  Following  harvesting  of  an 
engrafting  dose  of  total  nucleated  cells,  we  will  use 
CD34  selection  to  harvest  an  engrafting  dose  of  early 
progenitor  cells.  Most  of  the  normal  differentiated 
lymphoid  cells  lack  the  CD34  marker.  We  will  also  use 
another  in  vitro  monoclonal  antibody  fractionation  step 
( CD19  negative  selection)  to  reduce  the  ratio  of  CLL 
cells  to  normal  cells.  We  will  use  in  vitro  monoclonal 
anibody  bead  conjugates  to  remove  CD19  positive  lymphoid 
. cells. 
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Although  molecular  assays  exist  for  the  neoplastic 
lymphoid  cells  in  the  CLL  population  (PCR  for  T cell 
rearrangement  and  immunoglobulin  gene  rearrangement  in 
the  B cells  of  the  CLL  population) , so  that  the  level  of 
CLL  cells  left  in  the  marrow  population  can  be  studied, 
no  formal  assays  exist  to  determine  if  the  neoplastic 
early  progenitor  cells,  which  have  reconstituting 
capability,  have  been  removed.  In  addition,  at  the  time 
of  relapse,  it  is  impossible  to  tell  if  the  relapse 
arises  from  the  neoplastic  cells  which  are  left  following 
systemic  preparative  therapy,  or  if  the  relapse  occurs 
from  leukemia  cells  left  in  the  marrow  infused  into  the 
patient  following  in  vitro  purging  of  the  marrow  and 
delivery  of  intensive  combination  chemotherapy  and  TBI. 

In  order  to  be  able  to  identify  the  origin  of  relapse: 
residual  hematopioetic  cells  in  the  marrow  after  purging, 
versus  the  relapse  from  disease  left  in  the  systemic 
circulation  following  intensive  preparative  therapy,  we 
are  proposing  to  use  safety  modified  retroviruses  to 
follow  the  efficiency  of  purging  with  the  CD34  positive 
selection  of  the  normal  myeloid  stem  cells  and  the 
negative  selection  of  the  CLL  cells  with  negative 
selection  mediated  by  CD19  negative  selection. 

In  the  current  protocol,  we  will  mark  30%  of  the  marrow 
cells  following  the  CD34  positive  selection  with  the  LNL6 
retrovirus,  and  then  mark  the  marrow  following  the  CD19 
negative  selection  with  the  GINa  virus.  We  will  follow 
the  marking  protocol  outlined  in  Appendix  G.  This  will 
involve  the  culture  of  marrow  cells  from  CLL  ptients  on 
autologous  stromal  feeder  layers  in  the  presence  of  cell 
free  supernatants  of  producer  cell  lines  for  safety 
modified  retroviruses.  We  will  rinse  the  cells.  A small 
aliquot  will  be  incubated  in  non-selective  conditions  for 
48  hours,  and  then  added  as  an  innoculum  of  cells  to 
semi-solid  culture  medium,  colonies  grown  up  under 
selection  by  G418,  and  then  RNA  extracted  from  single 
colonies  which  are  picked  10-14  days  following  the 
initial  innoculation . The  major  part  of  the  marrow  will 
be  frozen  for  transplantation. 

The  mRNA  can  be  reverse  transcribed,  and  the  cDNA  split 
into  two  halves  and  amplified  independently.  One 
combination  can  be  amplified  with  primers  for  the 
rearranged  immunoglobulin  molecule,  and  the  neo  gene  of 
either  the  LNL-6  or  GINa  virus.  Another  half  of  the  cDNA 
will  be  amplified  with  the  actin  and  the  immunoglobulin 
molecule  primers.  The  DNA  of  the  LNL6  and  GINa  virus  can 
be  distinguished  by  the  PCR  assay. 

With  the  help  of  these  PCR  assays,  we  can  characterize 
the  population  of  the  cells  at  relapse  as  to  whether  the 
relapse  occurred  due  to  cells  left  after  the  CD34 
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selection  or  after  the  CD19  negative  selection.  The 
relative  effectiveness  of  the  CD34  versus  the  CD19 
selection  will  be  evaluated  at  the  time  of  relapse  by 
examination  of  the  leukemic  cells  in  the  patient  at  the 
time  of  relapse.  If  the  patient  has  the  LNL6  but  not  the 
GINa,  it  will  be  clear  that  the  CD34  purge  is  not 
complete  enough.  Whereas  the  CD34  followed  by  the  CD19 
negative  selection  will  be  sufficient  for  the  removal  of 
the  leukemic  cells  from  the  marrow,  the  CD34  selection 
alone  is  not  sufficient. 

Thus,  the  retroviral  marking  can  be  used  to  assess  the 
relative  contribution  of  the  two  purging  techniques  for 
removal  of  neoplastic  CLL  cells. 

INFORMATION  TO  BE  COLLECTED  FROM  THE  ANALYSIS:  The 

double  PCR  strategy  outlined  in  this  protocol  for 
analysis  of  the  outcome  from  the  technical  point  of  view 
permits  unambiguous  interpretation  of  the  experimental 
results.  The  splitting  of  the  cDNA  products  into  two 
halves  and  the  double  amplification  strategy,  one  half  of 
the  sample  used  in  a sequence  amplification  reaction  for 
actin  and  the  immunoglobulin  gene  rearrangement,  and  the 
other  half  amplified  with  primers  for  the  neo  gene  and 
the  immunoglobulin  gene  rearrangement,  will  allow  us  to 
identify  four  types  of  cells  following  transplant  and  at 
the  time  of  relapse: 

1.  The  normal  cell  is  not  transduced  by  virus.  The  only 
positive  amplification  product  will  be  the  actin. 

The  interpretation  is  that  the  purging  procedures 
were  successful,  the  transduction  was  flawed 
technically,  or  there  was  clonal  evolution  so  as  to 
favor  neoplastic  cells  from  the  marrow  or  systemic 
circulation  which  were  not  transduced. 

2.  The  normal  cell  is  transduced  by  virus.  This  cell 
shows  that  the  transduction  worked  at  least  for  the 
normal  cells.  The  culture  of  the  cells  exposed  to 
the  transduction  protocols  in  assay  systems  which  are 
specific  for  the  late,  intermediate,  and  early 
progenitors,  coupled  with  the  retroviral  marking,  in 
vitro  fractionation,  and  bone  marrow  transplantation, 
will  provide  information  about  the  efficiency  of 
procedures  designed  to  isolate  the  early  progenitor 
cells  and  about  the  value  of  the  fractionation 
procedures  for  the  isolation  removal  of  leukemia 
cells  and  isolation  of  the  early  progenitor  cells. 

3.  The  CLL  cell  is  not  virally  transduced  so  that  the 
amplification  reaction  for  the  actin  and  for  the 
immunoglobulin  rearrangement  are  positive,  but  both 
of  the  virus  reactions  are  negative.  This  indicates 
that  the  purging  or  the  systemic  therapy  was 
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successful,  or  that  the  transduction  was 
unsuccessful,  or  that  clonal  evolution  occurred  which 
favored  the  untransduced  cells,  thus  making  the 
marking  uninterpretable. 

4.  The  CLL  cell  is  marked.  There  are  three 

possibilities:  both  markers  are  positive,  suggesting 

that  the  infused  purged  cells  contributed  to  the 
origin  of  relapse,  and  that  neither  of  the 
fractionation  steps  were  effective.  Another 
possibility  is  that  the  LNL6  is  positive  in  the 
normal  and  leukemic  population,  but  that  the  GINa  is 
positive  in  the  normal  but  not  the  leukemic 
population.  This  result  suggests  that  the  CD19  purge 
was  not  effective  but  that  the  CD34  purge  is 
effective.  The  other  possibility,  that  the  LNL6  is 
negative  and  the  GINa  is  positive  in  the  leukemic 
population  and  that  the  LNL6  is  positive  in  the 
normal  population,  suggests  that  the  CD19  purge  is 
ineffective,  and  that  for  some  reason,  the  clonal 
evolution  of  the  leukemic  population  suppressed  the 
cells  which  were  double  virus  positive. 

Therefore,  the  analysis  identifies  eight  possible 
types  of  cells,  allows  unambiguous  interpretations  as 
to  the  efficacy  of  the  two  purging  steps  with  respect 
to  the  removal  of  the  leukemic  population,  and 
permits  assessment  of  the  effect  of  the  two  purging 
steps  on  the  positive  selection  of  the  early  normal 
progenitor  cells. 

In  addition  to  the  PCR  analysis  above,  the  use  of 
interphase  centromeric  FISH  for  the  trisomy  12 
technique  can  be  carried  out  by  Dr.  Michael  Andreeff. 

In  this  context  of  long  term  remissions  after  intensive 
therapy,  it  becomes  important  to  determine  whether  the 
relapse  emerges  from  cells  remaining  in  the  infused 
marrow  or  results  from  residual  disease  which  remains 
after  systemic  therapy  used  to  prepare  the  patient  for 
transplantation.  This  question  becomes  even  more 
important  to  resolve  and  to  measure  now  that 
immunological  methods  for  removing  or  separating  the 
neoplastic  B cells  from  the  autologous  marrow  and 
peripheral  blood  of  CLL  patients  are  available  (9) . 

No  good  animal  model  or  in  vitro  model  exists  which  would 
permit  us  to  identify  the  origin  of  relapse  in  CLL 
patients  treated  with  intensive  therapy  and  autologous 
stem  cell  transplants  (residual  systemic  disease  or 
leukemia  cells  contaminating  infused  autologous  stem 
cells  marrow) . Recently,  Anderson  and  Rosenberg,  at  the 
NIH  (11)  have  used  replication  incompetent  retroviruses 
of  the  N2  series,  first  developed  by  A.  Dusty  Miller  of 
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Seattle  (12),  designated  GIN,  to  follow  the  fate  of  tumor 
infiltrating  lymphocytes  (TIL)  isolated  from  cancer 
patients  and  reinfused  after  expansion  and  vector  marking 
ex  vivo.  These  data,  which  have  been  published  (11), 
have  shown  that  the  marking  of  the  TIL  cells  with  the  NEO 
vector  does  not  change  the  phenotype  of  the  cells,  does 
not  result  in  horizontal  infection,  and  was  successful  in 
tracking  the  fate  of  the  marked  cells. 

Subsequent  clinical  investigations  carried  out  by  the  NIH 
have  shown  that  the  same  marking  vector,  when  carrying 
the  adenosinedeaminase  gene  (ADA) , may  result  in  a 
conversion  of  the  phenotype  of  immunoincompetence  to 
immunocompetence  in  severe  combined  immunodeficiency 
patients  and  results  in  no  other  adverse  effects.  This 
same  series  of  marking  vectors  has  been  studied  in  over 
1500  mice,  21  primates  (32  monkey  years) , and  over  70 
human  patient  months  and  has  shown  no  adverse  effect.' 
Twenty-one  monkeys  infused  with  the  LNL6  marked 
autologous  marrow  have  remained  without  problems  for  2.5 
to  5 years.  No  reverse  transcriptase  assays  have  been 
positive  after  infusion  of  the  marked  marrow  in  primates 
or  man.  Four  animals,  which  were  exposed  to  a 
replication  competent  variant  of  the  LNL6  vector,  have 
remained  negative  for  N2  virus  2-3  year  after  exposure. 

No  leukemias,  lymphomas,  solid  tumors,  or  other  problems 
have  been  identified  as  late  complications  in  these 
experiments  which  have  utilized  safety  modified  viruses 
which  are  replication  incompetent,  involve  single 
transductions,  and  are  not  contaminated  with  replication 
competent  before  virus.  The  NIH  group  has  recently 
reported  the  occurrence  of  thymic  lymphomas  in  3 of  11 
monkeys  who  were  infected  with  a virus  preparation  which 
was  purposely  contaminated  with  a replication  competent 
retrovirus  (see  Appendix  F) . All  authorities  agree  that 
the  complication  of  lymphoma  is  attributable  to  the 
presence  of  the  proliferating  helper  virus  and  perhaps 
also  to  the  practice  these  workers  followed  of 
transducing  the  producer  cell  lines  used  to  generate  the 
virus  multiple  times  to  raise  viral  titres.  The  then 
director  of  the  NIH,  Dr.  James  Wyngaarden,  has  concluded 
in  an  official  analysis  of  this  issue,  that  the  LNL6 
retroviral  vector  poses  no  health  hazard  and  is  suitable 
for  use  in  human  subjects  as  well  as  in  laboratory  work 
(13,  14)  (see  Appendix  B) . 

Our  own  data  have  indicated  that  3%  of  hematopoietic 
progenitors,  measurable  by  in  vitro  colony  assay,  after 
vector  exposure,  contain  the  marking  vector.  Similar 
data  has  been  developed  in  other  laboratories.  We  have 
assessed  the  efficiency  of  transduction  of  the  safety 
modified  retroviruses  LNL-6  and  GINA  into  normal  and 
leukemic  hematopoietic  cells.  Three  to  ten  percent  of 
normal  progenitor  cells,  which  can  be  measured  by  the 


Recombinant  DNA  Research,  Volume  16 


[393] 


existing  in  vitro  culture  assays,  integrate  these 
viruses.  Ten  to  thirty  percent  of  leukemia  cells 
integrate  these  viruses.  The  in  vitro  growth  of  the 
normal  and  leukemia  cells  is  not  reduced  by  exposure  to 
the  viruses.  Our  in  vitro  data  has  suggested  that  the 
two  viruses,  LNL-6  and  GINA,  which  differ  only  in  small 
stretches  of  neutral  sequences  introduced  for  marking 
which  are  detectable  by  PCR,  transduce  normal  and 
leukemic  cells  at  equivalent  frequencies.  Other 
laboratories  (Malcolm  Brenner's,  St.  Jude)  have  confirmed 
these  findings. 

The  work  of  Brenner  already  has  suggested  that  the 
retroviruses  integrate  into  sufficient  numbers  of 
progenitor  cells  and  leukemia  cells  such  that  these 
marked  cells  can  be  detected  after  transplant.  The  NIH 
Recombinant  DNA  Advisory  Committee  and  the  FDA  also  • 
support  this  view. 

The  Recombinant  DNA  Advisory  Committee  of  the  NIH  has 
approved  a protocol  by  Dr.  Malcolm  Brenner  of  St.  Jude 
Children's  Hospital  which  is  designed  to  test  in  acute  • 
myelogenous  leukemia  if  relapse  occurring  following 
intensive  therapy  and  infusion  of  unpurged  autologous 
reconstitution  results  from  residual  systemic  disease  or 
disease  that  is  infused  with  the  autologous  transplant. 
These  studies  have  already  shown  that  the  normal  cells 
are  marked  with  the  GINA  virus  after  transplant.  At  the 
time  of  relapse,  Dr.  Brenner  has  shown  that  some  of  the 
leukemia  cells  also  contain  the  retroviral  marker. 

The  present  protocol  is  also  designed  to  resolve  the 
following  question  in  CLL  patients  infused  with  purged 
autologous  marrow:  does  the  origin  of  relapse  involve 

the  infused  autologous  cells  or  systemic  disease?  In 
this  study,  autologous  cells  are  collected  after 
induction  of  a remission.  The  marrow  cells  are  purged 
with  CD3 4 positive  selection,  and  the  virus  marked  with  a 
vector  LNL-6.  The  cells  are  then  fractionated  with 
monoclonal  antibodies  to  the  CD19  lymphoid  antigen.  A 
second  virus,  GINa , is  used  to  mark  these  cells.  The 
autologous  cells  are  then  reinfused  after  intensive 
preparative  therapy.  This  program  may  resolve  the  origin 
of  relapse  of  CLL  cells  in  patients  in  whom  collection  of 
autologous  cells,  delivery  of  intensive  therapy,  and 
autologous  transplant  is  conducted  at  a time  of 
hematological  remission  induced  by  conventional  dose 
therapy.  This  protocol  will  also  independently  analyze 
the  efficacy  of  the  CD34  and  CD19  purging  procedures. 

CLL  is  a disease  in  which  this  question  can  be  answered 
since  the  polymerase  chain  reaction  assay  (PCR) , 
fluorescence  in  situ  hybridization  (FISH) , and  classical 
. metaphase  cytogenetic  assays  are  available  for  detection 
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of  these  leukemic  cells  in  CLL.  The  M.  D.  Anderson 
program  will  consist  of  taking  30%  of  a population  of 
purged  autologous  cells,  which  are  to  be  used  to 
reconstitute  hematopoiesis  following  TBI  and  intensive 
preparative  therapy,  exposing  it  in  vitro  to  the 
replication-incompetent  GINa  and  LNL-6  neo  positive 
retroviral  vectors,  thus  marking  the  cells  in  vitro,  and 
then  returning  those  marked  cells  along  with  the  rest  of 
the  autologous  stem  cells  to  restore  hematopoiesis  after 
intensive  therapy.  Since  the  two  safety  modified 
retroviruses  are  used  for  separately  marking  the 
autologous  marrow  at  different  stages  of  the  in  vitro 
fractionation  are  marked  with  viruses  which  differ  only 
in  a PCR  detectable  difference  in  sequences  in  the  virus, 
the  relative  contribution  of  the  marrow  cells  at 
different  stages  of  the  f ractionatidn  to  hematopoietic 
reconstitution  and  to  relapse  can  be  measured. 

The  patients  will  then  be  followed  at  three  weekly 
intervals  during  and  after  hematopoietic  reconstitution 
and  at  six  monthly  intervals  thereafter  with  PCR's  for 
lymphoid  markers  and  the  two  neo  positive  safety  modified 
retroviral  sequences  in  the  marrow.  This  analyses  will 
clarify  the  relative  contribution  of  the  cells  left  in 
the  marrow  to  relapse.  This  analysis  will  be  done  at  the 
time  of  relapse  with  colony  growth,  PCR,  FISH,  and 
cytogenetic  assays  of  the  colonies  to  determine  if  the 
blast  cells  that  arise  after  relapse  are  marked  with 
either  of  the  retroviral  vectors  and,  therefore,  arising 
from  the  infused  autologous  cells  or  whether  they  arise 
from  systemic  disease  which  is  left  after  the  delivery  of 
preparative  therapy  (in  this  case,  no  marker  will  be 
detectable) . There  are  four  potential  results  of  this 
experiment:  (1)  A rare  patient  will  have  virus  positive 

autologous  leukemia  cells,  but  these  will  be  clonal 
(i.e.,  the  vector  integrating  site  will  be  clonal).  The 
same  normal  cells  may  have  a polyclonal  vector 
integration  site.  This  will  indicate  that  the  infused 
autologous  cells  are  the  origin  of  relapse  but  that 
relapse  arises  from  a single  cell;  (2)  Leukemia  cells  are 
positive  for  vector  and  the  vector  integration  site  is 
polyclonal.  Normal  cells  may  also  have  polyclonal 
integration  sites.  This  will  indicate  that  multiple 
leukemia  cells  contained  within  the  infused  autologous 
stem  cells  give  rise  to  the  relapse;  (3)  Both  normal  and 
leukemia  cells  are  marked  with  a clonal  vector 
integration  site.  This  will  indicate  that  the  disease 
arises  from  a pluripotent  stem  cell  which  is  undergoing 
leukemic  conversion  spontaneously;  and  (4)  No  marker  is 
seen  suggesting  relapse  arises  from  systemic  disease.  In 
cases  1 and  2,  further  development  of  purging  procedures 
for  the  autologous  cells  needed  for  transplant  would  be 
indicated.  Retroviral  marking  will  permit  us  to  select 
either  the  purification  of  normal  progenitor  cells  or 
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systemic-preparative  regimens  as  areas  in  which 
modifications  must  be  made  in  order  to  achieve  increased 
number  of  stable  remissions. 

3.0  BACKGROUND  DRUG  INFORMATION  (See  Appendices  C for 
chemotherapy  (cyclophosphamide)  and  Appendix  G for  the 
LNL-6  and  GINa  viruses) . 

4.0  PATIENT  ELIGIBILITY 

4.1  CLL  patients  who  have  progressed  following 
conventional  dose  therapy,  who  are  less  than  60  years 
of  age  and  have  a life  expectancy  of  1 year,  and  are  ' 
ineligible  for  allografting. 

4.2  Prior  treatment  does  not  disqualify  a patient  from 
eligibility. 

4.3  Patients  must  have  a performance  <3  on  Zubrod  scale 
(Appendix  Al) , a creatinine  level  less  than  1.6  mg%, 
acceptable  cardiac  condition  (class  I or  II;  Appendix 
2),  normal  liver  functions  with  bilirubin  less  than  2 
mg%,  and  acceptable  pulmonary  condition  (FEV  and  DLCO 
>50%  of  predicted) . Patients  should  be  free  of 
infections  at  the  time  of  treatment.  Patients  should 
have  a LVEF  >50%. 

4.4  A serum  creatinine  less  than  1.6  and  an  SGOT  within 
the  normal  range  is  required. 

4.5  Patients  must  have  an  autologous  bone  marrow  stored 
with  30%  of  the  cells  exposed  to  the  LNL6  and  the 
GINa  retroviruses.  Patients  must  sign  an  informed 
consent,  must  not  be  pregnant  or  lactating,  and  must 
be  practicing  adequate  contraception  if  of 
childbearing  potential. 

4.6  No  patient  who  is  unresponsive  to  platelet  infusions 
will  be  eligible  for  this  study. 

5 . 0 PRETREATMENT  EVALUATION 

5.1  General:  All  patients  should  be  registered  with  the 

data  management  office,  Ext:  2-2926.  Information 
pertaining  to  important  patient  characteristics  will 
be  recorded. 

5.2  Bone  marrow  aspiration  and  collection  of  peripheral 

blood  stem  cells  and  storage:  Peripheral  blood  and 

marrow  is  to  be  stored.  In  vitro  methods  (CD34 
selection)  for  reducing  the  number  of  CLL  cells  will 
be  used  to  reduce  the  level  of  CLL  cells  in  the 
population  of  autologous  marrow  cells  to  be  used  for 

, transplant.  Purged  marrow  cells  collected  following 
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fludarabine  will  be  used  for  restoration  of  marrow 
function  after  intensive  cytoxan  and  total  body 
irradiation  (DM90-106) . Multiple  bone  marrow 
aspirations  from  the  iliac  crests  will  be  performed 
before  cytoxan  and  TBI  to  store  twice  the  engrafting 
dose  of  bone  marrow  (2  x 108/kg  nucleated  cells) . A 
second  bone  marrow  storage  will  be  considered  if  less 
than  2 x 108  total  nucleated  cells/kg  were  collected 
in  the  first  storage  unless  a back-up  marrow  is 
available.  Another  criterion  for  adequacy  of  the 
marrow  collection  will  be  a total  of  2 x 104  CFUGM/kg . 
4 x 108/kg  nucleated  cells  and  2 x 104  CFUGM/kg  from 
the  peripheral  blood  will  also  be  collected  for 
reconstitution.  Peripheral  blood  stem  cells  will  be 
collected  by  continuous  flow  centrifuge  during 
• hematopoietic  recovery  following  daunomycin,  and  high 
dose  ara-c  or  other  chemotherapy  of  equivalent 
intensity . 

The  peripheral  blood  and  marrow  will  be  subjected  to 
CD3 4 positive  selection.  A total  of  10.70  x 106  CD34 
positive  cells/kg  must  be  available.  The  retroviral 
marking  will  be  performed  as  described  in  Appendix  G 
and  as  follows: 

Thirty  percent  of  the  nucleated  peripheral  blood  or 
marrow  cells  remaining  after  purging  will  be 
incubated  with  the  LNL-6  or  GIN  vectors  respectively 
at  the  time  of  storage  before  cryopreservation . For 
every  nucleated  peripheral  blood  or  marrow  cell 
obtained  after  Ficoll  Hypaque  separation,  10  vector 
particles  (multiplicity  of  infection  units)  produced 
by  Genetic  Therapy,  Inc.  of  Gaithersburg,  Maryland, 
as  an  FDA  approved  product  for  this  purpose,  will  be 
added  to  the  nucleated  cells  and  incubated  as 
discussed  in  Appendix  G.  The  final  concentration  of 
the  cells  in  the  vector  incubation  will  be  lxlO6 
cells/cc.  The  cells  will  be  rinsed  and  a small 
portion  (106)  cultured  in  a CFUGM  assay  and  the 
majority  of  cells  will  be  frozen  and  reinfused  with 
the  rest  of  the  autologous  marrow  and  peripheral 
blood  cells. 

5.3  Treatment  Plan:  All  patients  should  be  treated  in 

the  Protected  Environment  if  available. 

a.  The  preparative  ablative  regimen  will  consist  of 
the  following  systemic  chemotherapy: 

Cyclophosphamide  (see  Appendix  C) : 60  mg/kg  in 

0.5  liter  D5W  intravenously  over  3 hours  daily 
for  2 days  - days  1 to  2 (total  120  mg/kg) ; 
mesna,  10  mg/kg  will  be  given  q4h  during 
cyclophosphamide  infusion  and  for  24  hours 
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following  the  end  of  the  mesna  infusion.  VP16, 

125  mg/m  , bid  for  three  days  will  be  given  days  1 
to  3. 

The  hydration  given  along  with  the 
cyclophosphamide  is  4 liters  every  24  hours  as 
tolerated.  We  will  supplement  this  as  necessary 
to  maintain  intravascular  fluid  volume  and  urine 
output . 

Total  body  irradiation  (TBI)  is  1020  centigrays. 
The  patients  are  placed  in  the  supine  position 
and  the  TBI  is  directed  from  the  right  side  with 
a calculated  mid  plane  dose  of  200  rads/fraction, 
each  fraction  even  bid  starting  day  6 to  8 . 

b.  Autologous  peripheral  blood  and  bone  marrow  will 
be  reinfused  on  day  9 after  the  last  dose  of  TBI 
after  premedication  with  25  mg  of  benadryl  and 
100  mg  of  solucortef  30  minutes  before  reinfusion 
to  prevent  anaphylactic  reactions. 

c.  Treatment  of  patients  in  the  Protected 
Environment  on  the  12th  floor  of  the  Lutheran 
Pavilion  is  strongly  urged. 

Patients  will  remain  there  until  the  attainment 
of  500  granulocytes/mm3. 

d.  Patients  will  receive  bacterial  (norf laxacin)  and 
fursfol/yeast  (fluconazole)  antibiotic 
prophylaxis  or  other  antibiotics  specified  by  the 
Infectious  Disease  group  while  hospitalized  to 
protect  patients  against  overwhelming  infection. 

e.  All  blood  products  will  be  irradiated  from  the 
start  of  treatment  and  for  three  months  following 
transplantation . 

f.  Back-up  marrow  will  be  given  if  the  total  ANC  is 
still  less  than  500  at  day  50. 

Schema  for  Treatment  Plan: 

I.  Conventional  dose  combination  on  chemotherapy. 

II.  Collection  of  peripheral  blood  cells  as  back-up 
for  transplant. 

III.  Collection  of  autologous  cells  from  marrow,  and 
in  vitro  purging. 

IV.  Exposure  of  marrow  to  CD34  selection  and  the  CD19 
selection  marrow  cells  to  the  LNL-6  and  GIN 
viruses,  respectively.  PCR  for  Neo  for  the 
immunoglobulin  gene  rearrangement  will  be  done 
before  and  after  marking. 
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V.  TBI  and  cytoxan  therapy. 

VI.  Infusion  of  autologous  marrow  and  study  with  PCR 
for  immunoglobulin  gene  rearrangement  and  Neo  on 
thawed  specimen  before  infusion. 

VII.  PCR  for  Neo  immunoglobulin  gene  rearrangement 
after  ANC  of  2000/mm3  is  achieved. 

VIII.  PCR  for  immunoglobulin  gene  rearrangement  and 
neo  at  3-4  weekly  intervals  during  and  after 
recovery  for  the  first  6 months,  and  thereafter 
at  6 monthly  intervals  for  4 years  and  at  the 
time  of  relapse. 

IX.  Interferon  maintenance  therapy  after  ANC  of 
2000/mm3  and  platelet  count  of  100,000/mm3. 

6.0  EVALUATION  DURING  STUDY  (SEE  APPENDIX  I) 

6.1  A complete  history  and  physical  examination  including 
documentation  of  all  measurable  disease,  especially 
spleen  and  liver  size,  signs  and  symptoms, 
performance  status  and  weight  loss.  A dental 
examination  is  also  recommended. 

6.2  Laboratory  studies  include  CBC,  platelet  count, 
differential,  SMA  12,  liver  and  renal  function  tests, 
coagulation  studies  (PT,  PTT,  Fibrinogen,  FSP) , viral 
serology  and  cytogenetics.  Southern  analysis  will  be 
conducted  on  the  same  samples. 

6.3  Peripheral  blood  and  bone  marrow  aspirate  and  biopsy 
for  morphology,  pathology,  cytogenetics,  and  PCR. 

6.4  An  EKG  and  CXR  will  be  performed  on  all  patients.  An 
echocardiogram  or  an  MVGA  will  be  done.  A urinalysis 
will  also  be  obtained  before  therapy. 

6.5  Pulmonary  function  studies  with  diffusion  capacity 
will  be  done. 

7.0  EVALUATION  DURING  STUDY  (SEE  APPENDIX  I) 

7.1  CBC,  platelet,  differential  every  1-2  days  during  the 
initial  induction. 

7 . 2 SMA  12 , lytes  every  three  to  seven  days  and  as 
indicated  additionally. 

7.3  Bone  marrow  aspirate  and  biopsy  for  morphologic 
pathology,  cytogenetics,  FISH,  and  PCR  should  be 
performed  at  marrow  recovery  (when  WBC  count  > 2.0 
K/ul) . 

7.4  Upon  marrow  recovery,  a full  work-up  including  CBC, 
platelet  count  and  differential,  SMA  12,  and  marrow 
studies  including  cytogenetics  will  be  performed 
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every  three  weeks  for  the  first  six  months  and  then 
at  six  monthly  intervals  after  that.  Studies  at 
remission  will  include  CBC,  platelet  count, 
differential  and  SMA  12  and  marrow  for  cytogenetics, 
morphology,  and  PCR  every  thfee  to  four  weeks  for  the 
first  six  months  and  every  six  months  for  four  years 
and  as  indicated  by  disease  status. 

7.5  The  following  will  be  collected  before  and  after 

vector  exposure  and  after  hematopoietic  recovery  and 
on  a six  monthly  basis  for  five  years  after 
transplant:  2 x 106  cells  for  NEO  PCR,  2 x 106  blood 
and  marrow  cells  for  viral  PCR,  2 x 106  cells  for 
NIH3T3  viral  amplification  studies,  1 x 107  cells  for 
Southerns  and  10  cc  of  a red  top  tube  for  Western 
blots  for  viral  antibodies. 

The  analysis  of  the  bone  marrow  with  cytogenetics, 

PCR  along  with  an  analysis  of  the  sample  for  actin 
mRNA  is  summarized  below  in  the  following  table. 

ANALYSIS  OF  THE  PERIPHERAL  BLOOD  AND  BONE  MARROW  FOR 
EVIDENCE  OF  VIRALLY  MARKED 
CELLS  IN  NORMAL  AND 
LEUKEMIC  POPULATIONS 

I.  Analysis  of  peripheral  blood  and  bone  marrow 
before  exposure  to  virus. 

II.  Analysis  of  peripheral  blood  and  bone  marrow 
after  exposure  to  virus  before  culturing  or 
freezing. 

III.  Analysis  of  cells  after  thawing  and  before 
infusion . 

IV.  Analysis  every  three  to  four  weeks  during  and 
after  hematopoietic  recovery  until  six  months  and 
at  6 monthly  intervals  for  an  additional  4 years 
or  until  the  time  of  relapse. 

8.0  CRITERIA  FOR  RESPONSE  AND  TOXICITY 

8.1  Criteria  for  toxicity  will  be  as  follows:  Failure  of 

the  peripheral  blood  or  marrow  to  engraft  failure  to 
achieve  and  ANC  of  500  by  80  days  and  the  need  to  use 
back-up  collections  of  hematopoietic  peripheral  blood 
or  marrow  stem  cells  for  reconstitution.  Toxicity 
criteria  are  summarized  in  Appendix  H. 

9.0  CRITERIA  FOR  REMOVAL  FROM  STUDY 

9.1  Patients  whose  peripheral  blood  or  bone  marrow  is  not 
successfully  marked,  or  in  whom  failure  to  engraft 
with  the  marked  marrow,  will  be  removed  from  the 
study . 
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STATISTICAL  CONSIDERATIONS 


10.1  Evaluation  of  Origin  of  Relapse  and  Comparison  of 

the  Contribution  of  Peripheral  Blood  cells  and 
Marrow  to  Recovery:  We  plan  to  initially  study 

ten  patients.  The  accrual  rate  is  180  new 
patients  per  year.  Since  relapsed  patients  are 
utilized,  we  estimate  that  80%  of  patients  may 
eventually  relapse  in  two  years.  Thus,  eight 
patients  will  be  available  for  analysis  of 
retroviral  marking.  Since  200  to  20,000 
retrovirally  marked  CLL  cells  may  be  infused  with 
each  marrow  and  peripheral  blood  collection,  it 
is  probable  that  several  of  the  eight  patients 
will  produce  marked  cells  at  relapse  if  the  cells 
infused  are  the  origin  of  the  relapse.  The  LNL-6 
and  GINa  marking  vectors  have  been  approved  for 
use  in  man  (See  Appendix  G) . 

We  have  calculated  that  if  CD34  selection  is 
used,  60xl06  cells  are  collected.  If  30%  are 
exposed  to  a virus.  If  the  marking  or 
transducing  frequency  is  10%  with  LNL-6  or  GIN  in 
CLL  marrow,  or  GINa  in  peripheral  blood  and  the 
maximum  ratio  of  marked  CLL  cells  to  the  total 
number  of  cells  is  one  marked  CLL  cell  per 
300,000  nucleated  cells.  The  maximum  number  of 
marked  leukemia  cells  to  the  total  number  of 
cells  frozen.  This  ratio  is  clearly  consistent 
with  detection  of  NEO  by  PCR  at  the  time  of 
storage  by  PCR,  and  clearly  will  be  adequate  at 
the  time  of  relapse  since  the  growth  of  the 
leukemia  cells,  if  relapse  arises  from  the 
marrow,  will  be  greater  and  therefore  easily 
detected  by  PCR. 

At  the  time  of  relapse,  the  ratio  of  marked 
leukemia  blasts/total  unmarked  cells  will  be 
higher.  The  presence  of  a total  of  20,000  marked 
CLL  cells  in  the  autologous  cells  infused  after 
TBI  and  cytoxan  is  clearly  sufficient  to  generate 
a polyclonal  relapse  if  relapse  occurs  from  the 
infused  cells.  These  considerations  suggest  that 
a pilot  trial  be  conducted  with  at  least  10 
patients  to  test  if  relapse  occurs  from  infused 
autologous  cells  or  from  the  residual  disease 
present  systemically . 

10.2  The  difference  in  the  percentage  of  cells 
positive  for  each  of  the  two  safety  modified 
viruses  used  for  the  peripheral  blood  or  marrow 
cells  in  the  marrow  after  transplant  and  at  6 
monthly  intervals  following  transplant  will  be 
used  to  measure  the  relative  contribution  of'  the 
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purged  marrow  cells  to  hematopoietic  recovery  by 
the  normal  stem  cells.  Differences  will  be 
analyzed  by  the  students  T test  to  determine  if  a 
statistically  significant  difference  exists 
between  the  frequency  by  the  two  viruses  after 
transplants . 

10.3  Stopping  Rules:  If  three  successive  patients 

have  treatment  deaths  due  to  failure  to  engraft, 
delayed  hematopoietic  recovery,  or  any  treatment 
related  cause,  the  trial  will  be  stopped. 

10.4  Reporting  requirements:  All  adverse  outcomes 

will  be  reported  to  the  RAC,  the  FDA,  and  the 
NCI . 
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The  University  of  Texas 
M.D.  ANDERSON  CANCER  CENTER 

INFORMED  CONSENT 

PROTOCOL  TITLE:  Use  of  Retroviral  Markers  to  Identify 

Efficacy  of  Purging  and  Origin  of  Relapse 
Following  Autologous  Bone  Marrow 
Transplantation  in  Chronic  Lymphocytic 
Leukemia  (CLL)  Patients 


1.  

Participant's  Name 


I.D.  Number 


You  have  the  right  to  know  about  the  procedures  that  are  to  be 
used  in  your  participation  in  clinical  research  so  as  to  afford 
you  an  opportunity  to  make  the  decision  whether  or  not  to  undergo 
the  procedure  after  knowing  the  risks  and  hazards  involved.  This 
disclosure  is  not  meant  to  frighten  or  alarm  you;  it  is  simply  an 
effort  to  make  you  better  informed  so  you  may  give  or  withhold 
your  consent  to  participate  in  clinical  research.  This  informed 
consent  does  not  supersede  other  informed  consents  you  may  have 
signed . 

DESCRIPTION  OF  RESEARCH 

2.  PURPOSE  OF  STUDY:  This  is  a clinical  research  study  at  the 

M.D.  Anderson  Cancer  Center  with  the  following  purposes:  To 
identify  the  effectiveness  of  purging  and  to  identify  the 
origin  of  relapse  which  may  eventually  occur  following 
restoration  of  marrow  function  with  autologous  cells  (the 
patient's  own  cells)  after  high  doses  of  chemotherapy  and 
total  body  irradiation. 

3.  DESCRIPTION  OF  RESEARCH:  A decision  has  been  made  to 

undergo  a course  of  intensive  therapy  followed  by  infusion 
of  purged  marrow  cells  (the  patient's  own).  Although  the 
use  of  intensive  therapy  has  been  associated  with  long  term 
remission  in  some  patients,  relapse  may  occur  in  many  cases. 
It  is  not  yet  known  if  the  source  of  the  leukemia  cells 
which  give  rise  to  the  relapse  is  from  leukemia  cells 
remaining  in  autologous  peripheral  blood  and  marrow  (the 
patient's  own)  used  for  transplantation  after  therapy,  or 
from  leukemia  cells  which  remain  in  the  body  after 
chemotherapy  and  irradiation.  To  answer  this  question,  the 
cells  stored  from  the  marrow  for  transplantation  may  first 
be  cleansed  of  leukemia  cells.  Then  30%  of  these  cells  will 
be  genetically  marked  so  as  to  determine  if  the  relapse 
arises  from  the  autologous  marrow  or  from  cells  left  in  the 
body  after  therapy.  This  will  help  determine  the  best  way 
to  reduce  the  chance  of  relapse:  increased  intensity  of 

systemic  therapy  versus  more  extensive  cleansing  procedures 
for  the  peripheral  blood  or  marrow. 
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These  cleansed  and  marked  marrow  cells  will  be  used  to 
restore  normal  marrow  function  after  intensive  therapy. 

Bone  marrow  will  be  taken  (about  two  quarts)  from  the  pelvis 
and  possibly  sternum  under  general  anesthesia.  A small 
amount  of  extra  blood  (one  tablespoon  full)  may  be  removed 
for  studies  after  the  transplant  to  follow  the  marking 
procedure,  but  this  will  not  require  additional 
venipunctures  over  and  above  that  which  is  already  required 
to  follow  transplant  recovery.  Thirty  percent  of  the  stored 
marrow  cells  will  be  mixed  with  a specially  engineered  mouse 
virus  which  cannot  cause  an  infection  in  the  body.  This 
virus  will  mark  cells  with  a bacterial  gene  that  makes  it 
possible  to  find  these  cells.  This  "marked"  marrow  will  be 
added  to  the  rest  of  the  marrow  and  returned  to  the 
circulation  after  intensive  therapy. 

The  therapy  will  be  given  during  the  transplant  and  in  the 
event  of  relapse  would  be  the  same  as  if  the  patient  had  not 
been  given  the  marrow  marked  with  the  virus.  Ten  patients 
will  participate  in  this  clinical  research  study.  Marrow 
aspirations  specifically  for  this  clinical  research  study 
will  be  collected  every  three  to  four  weeks  after  recovery 
for  the  first  six  months  and  then  at  six  monthly  intervals 
after  that.  Thereafter,  routine  bone  marrow  samples  will  be 
obtained  and  a portion  used  for  this  research. 

RISKS,  SIDE  EFFECTS  AND  DISCOMFORTS  TO  PARTICIPANTS: 

Extensive  study  of  this  virus  marking  procedure  has  been 
undertaken  in  mice  and  monkeys.  This  virus  and  another  like 
it  are  currently  being  studied  at  other  institutions.  No 
adverse  effects  have  been  observed  in  all  of  this  study 
because  the  virus  is  modified  so  that  it  cannot  cause  an 
infection  in  the  cells  of  the  body.  It  only  marks  a small 
number  of  blood  cells  in  the  autologous  marrow. 

Risks,  however,  which  may  not  yet  have  been  observed,  are 
possible.  These  are  "theoretical  risks"  since  they  have  not 
yet  been  seen.  It  is  possible  that  the  virus  could  change 
the  cells  which  are  marked  so  as  to  grow  in  an  abnormal 
pattern,  and  even  cause  cancer  or  leukemia.  This  risk  is 
much  lower  than  damage  to  the  cells  by  chemotherapy  and 
irradiation.  The  marker  might  also  produce  a protein  which 
might  inactivate  certain  antibiotics  but  alternative 
antibiotics  are  available  so  that  this  does  not  constitute  a 
risk  or  threat  for  patients  during  therapy. 

4a.  This  clinical  research  may  involve  unforeseeable  risks 
to  the  participant  (or  to  the  embryo  or  fetus,  if  the 
participant  is  or  may  become  pregnant  during 
treatment) . To  help  prevent  injury  to  unborn  children, 
upon  recommendation  by  the  attending  physician,  the 
participants  should  practice  adequate  methods  of  birth 
■ control  throughout  the  period  of  their  involvement  in 
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this  clinical  research  study. 

5.  POTENTIAL  BENEFITS:  The  use  of  the  marked  cells  to  identify 

the  sources  of  relapse  may  be  of  benefit  to  patients  on 
future  protocols  but  this  research  will  not  be  of  immediate 
benefit  to  patients  currently  entering  this  trial.  The 
major  benefit  is  to  patients  in  the  future  who  are 
participating  in  this  study.  The  evaluation  of  the 
contribution  of  the  peripheral  blood  versus  the  bone  marrow 
will  help  in  the  design  of  the  bone  marrow  and  peripheral 
blood. 

6.  ALTERNATE  PROCEDURES  OR  TREATMENTS:  Participation  in  this 

marking  study  is  totally  optional  and  the  treatment  on 
autologous  transplant  protocols  may  be  carried  out  whether 
or  not  patients  participate  in  the  marking  study.  The 
patient  may  decline  to  have  marking  but  still  have  the  bone 
marrow  or  peripheral  blood  transplant  of  his  or  her  own 
cells . 

UNDERSTANDING  OF  PARTICIPANTS 

7.  I have  been  given  an  opportunity  to  ask  any  questions 
concerning  the  investigational  regimen  involved  and  the 
investigator  has  willingly  replied  to  my  inquiries.  This 
investigational  treatment  program  will  be  administered  under 
the  above  numbered,  titled  and  described  clinical  research 

protocol  at  this  institution.  I hereby  authorize  Dr.  

, the  attending  physician/ investigator  and 

designated  associates  to  administer  this  investigational 
treatment  program. 

8.  I have  been  told  and  understand  that  my  participation  is 
voluntary.  I may  decide  not  to  participate,  or  withdraw  my 
consent  and  discontinue  my  participation  at  any  time.  Such 
action  will  be  without  prejudice  and  there  shall  be  no 
penalty  or  loss  of  benefits  to  which  I may  otherwise  be 
entitled,  and  I will  continue  to  receive  treatment  by  my 
physician  at  this  institution. 

Should  I decide  not  to  participate  or  withdraw  my  consent 
from  participation  in  this  clinical  research,  I have  been 
advised  that  I should  discuss  the  consequences  or  effects  of 
my  decision  with  my  physician. 

In  addition,  I understand  that  the  investigator  may 
discontinue  the  clinical  research  study  if,  in  the  sole 
opinion  and  discretion  of  the  investigator,  the  study  or 
treatment  offers  me  little  or  no  future  benefit,  or  the 
supply  of  medication  ceases  to  be  available  or  other  causes 
prevent  continuation  of  the  clinical  research  study.  The 
investigator  will  notify  me  should  such  circumstances  arise 
and  my  physician  will  advise  me  about  available  treatment 
which  may  be  of  benefit  at  that  time. 
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I will  be  informed  of  any  new  findings  developed  during  the 
course  of  this  clinical  research  study,  which  may  relate  to 
my  willingness  to  continue  participation  in  the  study. 

9.  I have  been  assured  that  confidentiality  will  be  preserved 
except  that  qualified  monitors  from  the  Food  and  Drug 
Administration  and  the  National  Cancer  Institute  may  review 
my  records  where  appropriate  and  necessary.  Qualified 
monitors  shall  include  assignees  authorized  by  the 
Surveillance  Committee  of  this  institution  provided  that 
confidentiality  is  assured  and  preserved.  My  name  will  not 
be  revealed  in  any  reports  or  publications  resulting  from 
this  study,  without  my  expressed  consent. 

10.  I have  been  informed  that  should  I suffer  any  injury  as  a 
result  of  participation  in  this  research  activity, 
reasonable  medical  facilities  are  available  at  this 
institution.  I understand,  however,  that  I cannot  expect  to 
receive  any  credit  or  reimbursement  for  expenses  from  this 
institution  or  any  financial  compensation  from  this 
institution  for  such  injury. 

11.  I have  been  informed  that  I should  inquire  of  the  attending 
physician  whether  or  not  there  are  any  services, 
investigational  agents  or  devices,  and/or  medications  being 
offered  by  the  sponsor  of  the  clinical  research  project  at  a 
reduced  cost  or  without  cost.  Should  the  investigational 
agent  become  commercially  available  during  the  course  of  the 
study,  I understand  that  I may  be  required  to  cover  the  cost 
of  subsequent  doses. 

Costs  related  to  my  medical  care  including  expensive  tests 
or  procedures  that  may  be  specifically  required  by  this 
clinical  research  study  shall  not  be  my  responsibility.  I 
have  been  given  the  opportunity  to  discuss  the  expenses  or 
costs  associated  with  my  participation  in  this  research 
activity. 

13.  I understand  that  practicing  effective  contraception  is 

medically  necessary  and  a prerequisite  for  my  participation 
in  this  clinical  research  study.  Should  contraception  be 
interrupted  or  if  there  is  any  suspicion  of  pregnancy,  my 
participation  in  this  clinical  research  study  will  be 
terminated  at  the  sole  discretion  of  the  investigator. 

14.  I may  discuss  questions  or  problems  during  or  after  this 
study  with  Dr.  Albert  Deisseroth  at  (713)  792-8750.  In 
addition,  I may  discuss  any  problems  I may  have  or  any 
questions  regarding  my  rights  during  or  after  this  study 
with  the  Chairman  of  the  Surveillance  Committee  at  (713) 
792-3220  and  may  in  the  event  any  problem  arises  during  this 
clinical  research  contact  the  parties  named  above. 
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CONSENT 


Based  on  the  above,  I consent  to  participate  in  the  research  and 
have  received  a copy  of  the  consent  form. 


DATE 


SIGNATURE  OF  PARTICIPANT 


WITNESS  OTHER  THAN  PHYSICIAN  SIGNATURE  OF  PERSON  RESPONSIBLE 
OR  INVESTIGATOR  AND  RELATIONSHIP 


I have  discussed  this  clinical  research  study  with  the  participant 
and/or  his  or  her  authorized  representative,  using  a language 
which  is  understandable  and  appropriate.  I believe  that  I have 
fully  informed  this  participant  of  the  nature  of  this  study  and 
its  possible  benefits  and  risks,  and  I believe  that  the 
participant  understood  this  explanation. 


PHYSICIAN/ INVESTIGATOR 
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SCIENTIFIC  ABSTRACT 


Replication  incompetent,  recombination  incompetent  retroviral 
vectors  (GINa  and  LNL6)  will  be  used  to  mark  autologous  peripheral 
blood  and  marrow  cells  removed  and  stored  from  patients  with  CLL 
following  treatment  with  conventional  dose  chemotherapy.  This 
study  is  designed  to  determine  the  efficacy  of  purging  and  the 
origin  of  relapse  following  autologous  bone  marrow  transplant 
(infused  autologous  cells  or  cells  left  in  the  systemic  circulation 
following  preparative  therapy  for  the  bone  marrow  transplantation) . 
We  estimate  that  on  the  average  6 x 107  CD34  cells  will  be  infused 
and  that  in  these,  there  will  be  between  200  and  20,000  neoplastic 
cells  marked  with  the  retrovirus.  This  protocol  will  also  determine 
if  the  peripheral  blood  or  marrow  is  more  heavily  contaminated  with 
neoplastic  cells  after  the  conventional  dose  therapy  which  is  used 
before  storage  of  the  autologous  marrow  or  peripheral  blood  cells. 
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Appendix  C 


NON-TECHNICAL  ABSTRACT; 

Autologous  bone  marrow  transplantation  is  a technique  which 
makes  safe  the  very  high  doses  of  chemotherapy  and  radiation  which 
are  required  to  eradicate  some  populations  of  the  neoplastic  cells. 
The  marrow  is  removed  from  the  hip  bones  of  the  patient  at  the  time 
of  remission,  stored  and  re-infused  into  the  patient  after 
intensive  systemic  therapy  in  order  to  restore  marrow  function. 
Peripheral  blood  will  also  be  used  for  the  restoration  of 
hematopoietic  function  following  bone  marrow  transplantation.  We 
will  compare  peripheral  blood  with  marrow  with  respect  to  their 
ability  to  promote  hematopoietic  recovery.  It  is  now  impossible  to 
determine  if  relapse  arises  from  residual  cells  or  if  residual 
leukemia  cells  present  in  systemic  circulation  after  intensive 
therapy  can  contribute  to  the  relapse.  Molecules  called  "marking 
vectors"  can  be  used  to  resolve  this  question,  and  to  evaluate  the 
efficacy  of  purging  of  marrow  stored  from  chronic  lymphocytic 
leukemia  (CLL)  patients.  To  accomplish  this,  a portion  of  the  bone 
marrow  and  peripheral  blood  cells  stored  from  the  patient  will  be 
incubated  with  the  marking  vector.  This  vector  will  introduce  a 
new  genetic  marker  into  these  neoplastic  cells.  If  the  neoplastic 
cells  appearing  at  the  time  of  relapse  contain  the  marker,  then  the 
relapse  arose  from  cells  infused  with  the  autologous  bone  marrow  or 
peripheral  blood.  Thus,  in  this  case,  the  methods  used  to  remove 
the  neoplastic  cells  from  the  autologous  bone  marrow  or  peripheral 
blood  cells  used  for  transplant  will  be  identified  as  insufficient 
stringency  to  remove  all  of  the  neoplastic  cells.  In  this  case, 
more  thorough  measures  can  then  be  undertaken  to  remove  the 
neoplastic  cells  from  the  marrow.  In  this  study,  the  GINa  and  LNL6 
marking  vectors  will  be  used  to  tag  the  abnormal  cells  which  may  be 
infused  into  the  patient  along  with  the  hematopoietic  cells  used  to 
regenerate  marrow  function  after  intensive  therapy.  The  GINa  and 
LNL6  vectors  will  also  be  used  to  mark  the  peripheral  blood  and 
marrow  respectively.  The  results  of  this  study  will  be  used  to 
improve  the  therapy  of  future  patients  but  will  not  necessarily 
benefit  the  patients  themselves. 
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"Clinical  Protocol  Modification  of  Oncogene  and  Tumor  Suppressor 
Gene  Expression  in  Non-Small  Cell  Lung  Cancer  (NSCLC)" 

1.0  OBJECTIVES 

The  objective  of  this  protocol  is  to  evaluate  the  toxicity  and  possible  therapeutic 
efficacy  of  the  intralesional  administration  of  retroviral  constructs  containing  antisense 
(AS)  K-ras  (for  tumors  with  mutated  K-ras)  and  wildtype  p53  (wtp53)  (for  tumors  with 
mutated  or  deleted  p53)  into  residual  endobronchial  NSCLC  which  obstructs  a 
bronchus  and  which  is  refractory  to  conventional  therapy. 

2.0  BACKGROUND  AND  RATIONALE 

2.1  Molecular  events  in  NSCLC 

Lung  cancer  remains  the  leading  cause  of  cancer  deaths  in  the  United  States 
where  it  kills  more  than  140,000  people  annually.  Recently,  age-adjusted 
mortality  from  lung  cancer  has  surpassed  that  from  breast  cancer  in  women. 
Although  implementation  of  smoking-reduction  programs  has  decreased  the 
prevalence  of  smoking,  lung  cancer  mortality  rates  will  remain  high  well  into  the 
21st  century1.  Unfortunately,  all  current  treatment  modalities,  including  radiation 
therapy,  surgery,  and  chemotherapy,  have  limited  effectiveness.  The  rational 
development  of  new  therapies  for  lung  cancer  will  depend  on  an  understanding 
of  the  biology  of  lung  cancer  at  the  molecular  level.  Research  in  our  laboratory 
has  identified  critical  molecular  events  leading  to  NSCLC  development  and 
progression.  The  goal  of  this  research  is  to  directly  modify  the  cancer  cell  to 
eliminate  the  expression  of  gene  products  which  are  responsible  for  the 
maintenance,  or  progression  of  the  malignant  phenotype  or  to  restore  in  normal 
form  deleted  or  mutated  gene  products  that  suppress  the  characteristics  of  the 
malignant  phenotype. 

The  purpose  of  this  protocol  is  to  investigate  molecular  mechanisms  that  may 
influence  the  growth  and  progression  of  human  lung  cancer;  our  goal  is 
development  of  therapeutic  agents  specifically  targeted  at  the  molecular  level. 
The  most  common  lung  cancer  histologies  (80%)  are  grouped  under  the  term 
non-small-cell  lung  cancer  (NSCLC)  and  include  squamous,  adenocarcinoma, 
and  large-cell  undifferentiated.  Many  of  the  current  data  on  the  molecular 
biology  of  lung  cancer  come  from  the  study  of  the  more  uncommon  small-cell 
lung  cancer  (SCLC).  SCLC  can  be  distinguished  from  NSCLC  by  the 
neuroendocrine  features  of  the  cells;  SCLC  is  very  responsive  to  chemotherapy 
but  recurs  rapidly  after  treatment.  NSCLC  also  may  serve  as  a model  for  other 
carcinogen-induced  malignancies.  The  approaches  and  observations 
developed  in  this  study  may  be  applicable  to  other  types  of  epithelial  cancers. 

Abundant  evidence  has  accumulated  that  the  process  of  malignant 
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transformation  is  mediated  by  a genetic  paradigm2.  The  major  lesions  detected 
in  cancer  cells  occur  in  dominant  oncogenes  and  tumor  suppressor  genes. 
Dominant  oncogenes  have  alterations  in  a class  of  genes  called  proto- 
oncogenes, which  participate  in  critical  normal  cell  functions,  including  signal 
transduction  and  transcription.  Primary  modifications  in  the  dominant 
oncogenes  that  confer  the  ability  to  transform  include  point  mutations, 
translocations,  rearrangements,  and  amplification.  Tumor  suppressor  genes 
appear  to  require  homozygous  loss  of  function,  by  mutation,  deletion,  or  a 
combination  of  these  for  transformation  to  occur.  Some  tumor  suppressor 
genes  appear  to  play  a role  in  the  governance  of  proliferation  by  regulation  of 
transcription.  It  is  possible  that  modification  of  the  expression  of  dominant  and 
tumor  suppressor  oncogenes  may  influence  certain  characteristics  of  cells  that 
contribute  to  the  malignant  phenotype. 

Despite  increasing  knowledge  of  the  mechanisms  involved  in  oncogene- 
mediated  transformation,  little  progress  has  occurred  in  developing  therapeutic 
strategies  that  specifically  target  oncogenes  and  their  products.  Initially, 
research  in  this  area  was  focused  on  dominant  oncogenes,  as  these  were  the 
first  to  be  characterized.  DNA-mediated  gene  transfer  studies  showed 
acquisition  of  the  malignant  phenotype  by  normal  cells  following  the  transfer  of 
DNA  from  malignant  human  tumors.  Activated  oncogenes  of  the  ras  family 
were  identified  by  this  technique  with  transfection  of  human  DNA  into  mouse 
NIH  3T3  cells. 

Oncogene  Mutations  in  Lung  Cancer 

Activation  of  the  K-ras  oncogene  occurs  in  human  NSCLC3,4.  Recent  studies 
using  the  polymerase  chain  reaction  (PCR)  and  specific  oligonucleotide 
hybridization  show  that  a third  of  NSCLC  patients  have  ras  family  mutations5,6. 
However,  Reynolds  and  coworkers,  using  a sensitive  NIH  3T3  cotransfection- 
nude  mouse  tumorigenicity  assay,  found  that  12  of  14  (86%). lung  tumor  DNAs 
from  smokers  contained  activated  proto-oncogenes  related  to  the  ras  family7. 
K-ras  mutations  occur  primarily  in  adenocarcinomas,  and  the  K-ras  proto- 
oncogene has  a point  mutation  in  30%  to  40%  of  adenocarcinomas  of  the 
lung5,6.  Thus,  a minimum  of  32,000  patients  per  year  are  expected  to  develop 
ras-mutation-positive  lung  cancer.  K-ras  mutations  are  associated  with  a history 
of  tobacco  consumption  and  may  contribute  to  tumor  progression. 

The  p53  gene  is  the  most  frequently  mutated  gene  yet  identified  in  human 
cancers.  It  is  mutated  in  over  50%  of  human  NSCLC8.  The  p53  gene  encodes 
a 375-amino-acid  phosphoprotein  that  can  form  complexes  with  host  proteins 
such  as  large-T  antigen  and  E1Ba.  Missense  mutations  are  common  for  the 
p53  gene  and  are  essential  for  the  transforming  ability  of  the  oncogene.  The 
wildtype  p53  gene  may  directly  suppress  uncontrolled  cell  growth  or  indirectly 
activate  genes  that  suppress  this  growth.  Thus,  absence  or  inactivation  of 
wildtype  p53  may  contribute  to  transformation.  However,  some  studies  indicate 
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that  the  presence  of  mutant  p53  may  be  necessary  for  full  expression  of  the 
transforming  potential  of  the  gene.  Mutations  of  p53  are  common  in  a wide 
spectrum  of  tumors10'13;  they  occur  in  both  NSCLC  and  SCLC  cell  lines  and 
fresh  tumors13,14. 

Options  for  specific  targeting  of  oncogenes  include  inhibition  of  expression  of  a 
dominant  gene  or  replacement  of  a deleted  or  mutated  tumor  suppressor  gene. 
Progress  in  the  understanding  of  the  critical  genes  involved  in  tumor 
development  and  in  technology  for  altering  gene  expression  logically  led  to  our 
studies  of  techniques  for  achieving  these  options.  Initially,  a model  for  specific 
inhibition  of  K-ras  was  developed.  We  chose  to  work  with  K-ras  because  of  the 
applicability  of  the  findings  to  a large  number  of  tumors,  because  of  our 
previous  work  with  K-ras,  and  because  information  on  the  genetic  organization 
and  sequence  of  the  ras  gene  family  was  readily  available.  Advances  in 
antisense  and  retroviral  gene  transfer  technology  suggested  that  application  of 
these  techniques  may  mediate  specific  inhibition  of  oncogene  expression. 

Antisense  mRNA,  which  is  precisely  complementary  to  the  corresponding  sense 
mRNA,  inhibits  translation.  The  mechanisms  for  this  inhibition  have  not  been 
completely  defined  but  include  inhibition  of  translation  by  ribosomes, 
degradation  of  sense-antisense  duplexes  by  enzymes,  and  failure  of  export 
from  the  nucleus.  Thus,  specific  targeting  of  a gene  in  a multigene  family  could 
occur  if  it  possessed  unique  sequences  in  a region  amenable  to  antisense 
inhibition,  such  as  an  initiation  codon  or  splice  site. 

The  working  hypothesis  that  we  developed  is  that  reversal  of  a single 
altered  genetic  event  in  the  cancer  cell  can  potentially  reverse  critical 
features  of  the  malignant  phenotype  of  that  cell.  This  finding  has  important 
therapeutic  implications.  Cancer  cells  have  multiple  genetic  alterations.  Therapy 
directed  toward  oncogenes  will  be  practical  only  if  therapeutic  effects  occur  with 
targeting  of  one  or  two  genes.  It  is  unlikely  that  any  therapy  targeting 
oncogenes  or  their  products  will  be  absolutely  specific  for  cancer  cells.  If  other 
genes  can  compensate  for  loss  of  normal  function  by  a specific  oncogene 
mediated  by  an  antisense  construct,  the  harmful  effects  of  the  therapy  will  be 
reduced.  Studies  from  our  laboratory  indicate  that  reversal  of  a single  genetic 
alteration  has  profound  effects  on  the  growth  and  tumorigenicity  of  lung  cancer 
cells15,16.  Additional  support  for  this  concept  comes  from  a recent  study  by 
Soriano  and  coworkers17  in  which  transgenic  mice  were  created  that  lacked  a 
functional  c-src  proto-oncogene.  The  resulting  developmental  defect  in  the 
mice  was  osteopetrosis.  The  ubiquity  of  c-src,  its  high  degree  of  conservation 
among  species,  and  its  role  in  mitosis  suggest  that  inactivation  would  be  lethal, 
but  this  was  not  the  case;  viable  mice  were  recovered.  A possible  explanation  is 
that  other  closely  related  nonreceptor  tyrosine  kinases  such  as  yes  and  fyn  can 
compensate  for  loss  of  c-src.  Introduction  of  a single  copy  of  a wildtype  tumor 
suppressor  gene  into  normal  cells  would  be  unlikely  to  have  adverse  effects  if  it 
occurred  during  therapy  directed  at  replacing  inactivated  tumor  suppressor 
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genes  in  cancer  cells. 

Preliminary  data  on  transfection  of  an  antisense  K-ras  expression  vector 
indicated  that  inhibition  of  expression  of  a single  oncogene  reduced  the  growth 
rate  of  cancer  cells  and  tumorigenicity  in  nu/nu  mice.  However,  transfected 
cells  retained  viability,  as  did  cells  with  no  endogenous  K-ras  mutation  that  were 
also  transfected  with  the  construct.  The  wtp53  appears  dominant  over  the 
mutant  gene  and  will  select  against  proliferation  when  transfected  into  cells  with 
the  mutant  gene16,18.  Normal  expression  of  the  transfected  wtp53  does  not 
affect  the  growth  of  cells  with  endogenous  wtp53.  Thus,  such  constructs  might 
be  taken  up  by  normal  cells  without  adverse  effects.  This  protocol  focuses 
regional  delivery  of  the  two  gene  constructs,  antisense  K-ras  and  wtp53,  to  lung 
cancer  cells  in  patients  with  unresectable  obstructing  endobronchial  cancers. 
The  efficiency  of  delivery  and  gene  expression  will  be  evaluated  both  in  lung 
cancer  cells  and  in  normal  cells  in  vivo.  This  is  of  importance  for  the  design  of 
constructs  that  may  be  useful  therapeutically.  The  effects  of  these  constructs  on 
clinical  progression  of  the  cancer  will  be  studied. 

These  approaches  may  lead  to  cancer  therapy  based  on  direct  alteration  of 
gene  expression  in  cancer  cells.  Current  therapy  relies  on  attempts  to  kill  or 
remove  the  last  cancer  cell.  However,  tumor  cell  dormancy  is  an  established 
phenomenon  making  effective  killing  highly  unlikely.  Although  inhibition  of 
expression  of  some  oncogenes  may  be  lethal  to  the  cancer  cell,  in  some  cases 
cell  replication  will  slow  or  cease,  thus  rendering  these  cancers  clinically 
dormant.  Even  if  absolute  specificity  is  not  achieved,  single  oncogenes  may 
still  be  important  targets,  because  it  is  likely  that  adverse  effects  to  normal  cells 
will  be  minimal. 

2.2  Natural  history  of  locally  unresectable  NSCLC 

Patients  with  NSCLC  will  die  of  their  cancer  in  86%  of  cases.  Regional  delivery 
of  gene  constructs  to  areas  at  risk  for  development  of  cancer  has  important 
implications  for  both  prevention  and  therapy.  Failure  of  therapy  at  the  primary 
tumor  site  is  a significant  problem19-20.  Of  the  161,000  patients  newly 
diagnosed  with  lung  cancer  in  1991,  45,080  will  undergo  surgical  resection. 
Local  recurrence  as  the  first  site  of  failure  will  occur  in  9,000  of  those  patients. 
Of  the  remaining  patients,  52%  will  have  localized  tumors.  However,  38%  of 
these  patients  will  have  local  failures  following  radiation  therapy  (22,900).  Thus, 
31,900  patients  per  year  could  benefit  from  improved  local-regional  therapy. 
Patients  with  unresectable  obstructing  NSCLC  that  is  resistant  to  radiation 
therapy  or  who  have  coexisting  metastases  have  a median  survival  of  6 months 
or  less21.  The  Department  of  Thoracic  Surgery  at  the  University  of  Texas  M.  D. 
Anderson  Cancer  Center  has  extensive  experience  in  the  treatment  of  lung 
cancer.  Over  1200  patients  with  lung  cancer  are  seen  yearly  and  over  200  of 
these  patients  undergo  resection. 
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2.2.1  Measure  of  disease  activity 

The  goal  of  this  therapy  is  to  halt  or  reverse  the  manifestations  of  the 
disease.  The  efficacy  of  therapy  in  this  group  of  patients  will  be 
measured  by  determining  length  of  patient  survival,  length  of  time  the 
affected  lobe  of  the  lung  remains  aerated,  and  reduction  in  measurable 
endobronchial  tumor.  There  is  no  curative  therapy  for  this  stage  of 
disease  and  thus  the  outcome  is  predictable  enough  to  allow  for  an 
assessment  of  the  results  of  gene  therapy.  The  measurements  that  will 
be  used  are  described  in  Section  7.0. 

2.2.2  Anticipated  effect  of  protocol  treatment 

It  is  anticipated  that  the  uptake  of  the  retroviral  constructs  by  proliferating 
NSCLC  cells  will  decrease  the  rate  of  proliferation  of  these  cells.  This 
would  increase  the  length  of  time  the  affected  lung  would  remain 
expanded,  prevent  regrowth  of  the  endobronchial  tumor,  and  prolong  the 
patient’s  survival. 

2.2.3  Alternative  therapies 

Patients  with  unresectable  endobronchial  tumor  recurrence  that  is 
partially  or  completely  obstructing  the  airway  and  that  have  failed  or  are 
unable  to  receive  external  beam  radiotherapy  will  be  considered  for  this 
protocol.  Existing  therapies  for  this  condition  offer  only  short-term 
palliation.  Most  patients  have  recurred  despite  external  beam 
radiotherapy.  It  may  be  possible  to  insert  a brachytherapy  catheter  and 
administer  additional  radiotherapy.  Patients  receiving  this  treatment  have 
a median  survival  of  6 months21.  Patients  failing  brachytherapy  would 
also  be  eligible  to  receive  gene  therapy.  Tumor  can  be  removed  from 
the  airway  with  the  laser  or  biopsy  forceps.  This  can  be  done  in 
conjunction  with  injection  of  the  retroviral  construct  thus  decreasing  the 
volume  that  must  be  injected.  The  administration  of  the  retroviral 
constructs  would  not  preclude  the  patient  from  receiving  other  palliative 
therapy  if  the  tumor  progresses. 

2.3  Structure  and  characteristics  of  the  biological  system 

2.3.1  Downregulation  of  activated  K-ras  expression  with  an  antisense  construct 

2.3. 1.1  Preliminary  studies  with  plasmid  DNA 

The  ras  p21  gene  product  plays  an  important  role  in  the 
intracellular  signaling  pathway  of  cells.  Dysregulation  of  this 
pathway  because  of  point  mutations  in  regions  critical  to  ras 
function  confer  transforming  properties  to  the  mutant  protein. 


Recombinant  DNA  Research,  Volume  16 


[421] 


These  mutations  render  the  p21  protein  gene  product 
constitutively  active  by  keeping  the  protein  in  the  GTP-bound 
state.  We  began  investigations  on  alterations  of  expression  of 
p2122.  A homozygous  mutation  at  codon  61  was  detected  in 
the  H460a  large-cell  undifferentiated  NSCLC  cell  line  clone;  a 
normal  glutamine  residue  (CAA)  was  substituted  by  histidine 
(CAT)  using  hybridization  with  specific  oligonucleotide  probes. 
Direct  PCR  DNA  sequencing  confirmed  this.  An  antisense  K-ras 
RNA  construct  selectively  blocked  the  production  of  mutant  p21 
so  the  contribution  of  the  mutated  p21  protein  to  the  malignant 
phenotype  could  be  studied.  A recombinant  plasmid  clone  was 
constructed  using  a normal  wildtype  2-Kb  K-ras  genomic  DNA 
segment  carrying  second  and  third  exons  with  flanking  intron 
sequences  subcloned  into  an  Apr-1 -neo  expression  vector  in 
antisense  orientation.  The  intron  sequence  used  has  a low 
degree  of  homology  with  other  ras  genomic  sequences;  it 
allowed  specific  inhibition  of  K-ras  while  preserving  H-ras  and  N- 
ras  expression.  For  example,  the  241  bases  flanking  exon  2 
and  the  240  bases  flanking  exon  3 have  no  significant  homology 
between  K-ras  and  H-ras  sequences.  Previous  studies  of 
uptake  of  ras  antisense  oligonucleotides  by  cancer  cells  resulted 
in  cell  death  instead  of  regulated  growth,  probably  because 
functioning  p21  is  necessary  for  cell  viability,  and  the 
oligonucleotides  unselectively  blocked  p21  expression23. 
Unselective  blockade  of  oncogene  expression  can  therefore  be 
harmful  to  both  normal  and  cancer  cells.  An  additional  novel 
feature  of  this  construct  was  the  use  of  a /?-actin  promoter  that 
can  constitutively  direct  synthesis  of  RNA  in  a human  tumor  cell. 
The  2-Kb  DNA  insert  was  stably  integrated  into  H460a  cells,  as 
shown  by  Southern  hybridization.  Northern  blot  analysis 
detected  expression  of  antisense  RNA.  Western  blot  analysis 
showed  a 95%  reduction  in  K-ras  p21  protein  synthesis  in  the 
clones  expressing  the  antisense  RNA,  whereas  H460a  cells  and 
sense  K-ras  clones  showed  unchanged  levels  of  K-ras  p21 
protein.  Total  p21  detected  with  a pan-ras  monoclonal  antibody 
showed  only  a slight  decrease  in  the  antisense  clones, 
suggesting  other  ras  genes  were  not  affected.  To  confirm  this, 
expression  of  ras  genes  was  measured  by  cDNA  PCR.  The 
cDNA  synthesized  from  the  total  RNA  was  subjected  to  PCR 
amplification  using  amplimers  corresponding  to  the  5’-end  of  the 
first  exon  and  the  3’-end  of  the  second  exon.  Because  the 
antisense  RNA  was  generated  from  the  second  and  third  exons 
of  K-ras,  PCR-amplified  cDNA  represented  the  level  of 
endogenous  K-ras  mRNA.  N-  and  H-ras-specific 
oligonucleotides  were  used  to  determine  expression  of  their 
respective  genes.  A 118-bp  segment  of  endogenous  p53  was 
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co-amplified  in  the  same  reaction  mixture  as  an  internal  PCR 
control. 

Cells  expressing  antisense  RNA  showed  complete  inhibition  of 
K-ras  mRNA  synthesis.  There  was  no  change  in  H-ras  or  N-ras 
expression  in  either  antisense  or  sense  transfectants.  Antisense 
transfectants  showed  a 3-fold  reduction  in  growth  rate 
compared  to  sense  transfectants  and  parental  H460a  cells  but 
continued  to  grow  in  culture.  Expression  of  antisense  K-ras 
RNA  reduced  the  growth  rate  of  H460a  tumors  in  nu/nu  mice. 
Tumorigenicity  of  cell  lines  expressing  antisense  RNA  was 
assessed  by  subcutaneous  injection  of  105  cells  in  nu/nu  mice. 
Unmodified  H460a  cells  formed  tumors  in  all  mice  in  15  days. 

No  tumors  developed  in  mice  injected  with  H460a  antisense 
cells  during  120  days  of  observation,  whereas  H460a  cells 
transfected  with  Apr-1 -neo  sense  plasmid  formed  tumors  similar 
to  those  formed  by  unmodified  H460a  cells.  These  experiments 
show  that  in  H460a  cells  engineered  to  synthesize  antisense  K- 
ras  RNA,  the  levels  of  K-ras  mRNA  and  K-ras  p21  protein  were 
dramatically  reduced.  Our  studies  show  that  a construct  can  be 
made  that  distinguishes  among  members  of  the  ras  family. 
Previous  studies  with  ras  AS  oligonucleotides  showed  inhibition 
of  total  p21  expression  which  led  to  cell  death23,  whereas  our 
data  show  that  antisense  RNA  generated  from  the  genomic  DNA 
of  the  K-ras  gene  can  specifically  inhibit  K-ras  expression. 
Inhibition  of  K-ras  reduced  the  growth  rate  of  H460a  cells  but 
did  not  alter  cell  viability  or  continued  growth  in  culture,  which 
suggests  that  redundancy  in  p21  expression  may  compensate 
for  absence  of  expression  by  one  member  of  this  family  so  that 
functions  essential  for  maintenance  of  cell  viability  are  preserved. 
When  antisense  K-ras  was  transfected  into  H322a  cells,  which 
are  homozygous  for  wtK-ras,  the  cells  were  unchanged  in 
viability  or  rate  of  growth.  These  studies  provide  evidence  that 
reduction  in  the  expression  of  a single  mutant  gene  product  can 
reduce  tumor  cell  proliferation  and  tumorigenicity. 

2.3. 1.2  Gene  construct 

The  retroviral  vector  construct  contains  the  AS-K -ras  fragment 
with  its  /?-actin  promoter  inserted  into  the  LNSX  vector24,25.  The 
orientation  of  the  insert  is  such  that  the  transcription  of  the  AS- 
K-ras  is  driven  by  the  /?-actin  promoter  downstream  from  the 
insert.  For  this  protocol  the  LNSX  vector  will  be  used  initially 
and  subsequently,  when  availabe,  the  G1  vector  will  be  used. 
The  differences  in  the  G1  vector  and  LNSX  are  minor  and 
should  not  alter  the  efficacy  of  the  retroviral  construct. 
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2. 3. 1.3  Packaging 

Because  recombination  events  may  lead  to  the  production  of  a 
replication-competent  virus,  a safe  and  efficient  amphotropic 
packaging  cell  line  is  necessary  for  transfer  of  exogenous  genes 
into  human  cancer  cells.  We  used  a packaging  cell  line 
constructed  so  the  gag-pol  and  env  genes  are  separated  on  two 
different  plasmids28.  For  this  protocol  retroviral  supernates  from 
the  PA317  packaging  cell  line  will  be  used.  This  packaging  cell 
line  has  received  prior  approval  for  use  in  human  gene  therapy 
clinical  trials.  The  presence  of  functioning  retroviral  genes  in  the 
packaging  cell  line  will  be  monitored  by  an  assay  for  reverse 
transcriptase  production  and  by  immunoprecipitation  of  env 
protein  by  metabolic  labeling  and  immunoprecipitation  with  anti- 
env  antiserum28.  Continued  absence  of  infectious  virus  will  be 
determined  from  transfection-infection  experiments.  A neo- 
containing  vector  will  be  transfected  into  PA317  cells;  colonies 
will  be  selected  with  G418.  The  supernate  will  be  used  to  infect 
NIH  3T3  cells.  Selection  with  G418  will  be  done  after  one  month 
to  ensure  the  survival  of  rare  recombinants  that  do  not  have  the 
neo  gene  but  subsequently  infect  neo- positive  cells.  Supernate 
from  the  infected  NIH  3T3  cells  should  not  be  infectious.  These 
secondary  supernates  will  be  used  to  infect  naive  NIH  3T3  cells. 
Lack  of  infectivity  will  indicate  absence  of  replication  competent 
virus.  Previous  human  studies  have  used  the  PA317  producer 
cell  line.  We  will  convert  to  this  cell  because  of  the  extensive 
experience  with  its  use  and  prior  approval  for  human  use. 
Supernate  from  the  packaging  cells  will  be  produced  in  serum- 
free  medium.  Clones  will  be  established  and  lots  of  frozen 
supernate  prepared. 

2.3. 1.4  Preclinical  studies 

The  2 Kb  K-ras  fragment  (genomic  exons  2 and  3)  with  a /?-actin 
promoter  was  cloned  into  the  LNSX  retroviral  vectors  in  both 
orientations.  The  p53  cDNA  with  its  /?-actin  promoter  was 
cloned  into  the  LNSX  retroviral  vectors  in  both  orientations.  The 
LNSX-AS-K -ras  was  successfully  packaged  in  the  GP  + envAm12 
packaging  cell  line.  Initial  titers  ranged  up  to  107.  The 
constructs  were  then  transduced  into  H460a  cells.  Specific 
expression  of  K-ras  AS  RNA  was  shown  by  slot  blot  analysis 
using  vector  only  negative  controls  and  a /?-actin  probe  for  a 
loading  control.  Western  blotting  studies  showed  that 
expression  of  the  K-ras  p21  protein  was  specifically  reduced. 
Next  the  effect  of  multiple  cycles  of  transduction  on  transduction 
efficiency  was  assessed.  Transduction  efficiency  was  assessed 
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on  a functional  level  (Fig.  1).  H460a  cells  were  transduced  with 
either  LNSX  or  LNSX-AS-K -ras  daily  for  4 consecutive  days. 

Cells  grew  for  7 days  without  selection.  The  percent  reduction 
in  the  growth  fraction  of  the  AS  transduced  cells  reflects  the 
efficiency  of  transduction  as  growth  of  a selected  population  of 
AS  transduced  cells  does  not  occur  during  this  time  period. 

The  growth  of  the  unselected  AS  transduced  cells  was  less  than 
20%  at  7 days.  Thus,  the  simple  manipulation  of  exposing  cells 
to  the  packaged  retrovirus  for  4 consecutive  days  caused  a 
striking  increase  in  transduction  efficiency.  In  a subsequent 
experiment  H460a  cells  were  transduced  daily  for  7 consecutive 
days  with  LNSX-AS-K  -ras  and  then  selected  for  colony  formation 
in  G418  (Fig.  2).  Colonies  were  compared  to  H460a  cells  that 
were  not  exposed  to  selective  medium.  Following  selection  the 
efficiency  of  colony  formation  by  the  transduced  cells  was  98%. 
This  reinfection  strategy  is  applicable  to  regional  therapy.  The 
low  acute  toxicity  of  the  retroviral  constructs  should  permit 
multiple  treatments.  Intratracheal  and  subcutaneous  injections 
indicate  that  up  to  3 injections  can  be  tolerated  in  mice  with  no 
acute  toxicity.  It  is  anticipated  that  the  residual  number  of 
endobronchial  tumor  cells  can  be  reduced  to  <107  so  that  an 
excess  ratio  of  retroviral  particles  to  proliferating  tumor  cells  can 
be  achieved. 
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Figure  1 : Functional  transduction  efficiency  of  LNSX-AS-K -ras  in  H460a  cells.  Growth 
curves  are  shown  for  103  cells/well  seeded  in  12  well  plates.  H460a  cells  were 
infected  by  incubation  0.5  m of  viral  supernate  stock  from  either  LNSX  or  LNSX-AS-K- 
ras  (6X1 06  CFU/ml)  daily  for  4 consecutive  days  in  the  presence  of  8/vg/ml  of 
polybrene.  The  parental  H460a  cells  served  as  a control.  Cells  were  not  selected 
with  G418.  Cells  were  counted  daily.  The  mean  ± SE  is  shown  for  3 replicates. 


Figure  2:  H460a  cells  were  infected  with  LNSX-AS-K -ras  by  incubating  104  cells  with 
0.5  ml  of  viral  stock  (6X1 06  CFU/ml)  produced  by  the  packaging  cell  line 
GP  + envAm12  in  the  presence  of  8/yg/ml  of  polybrene.  Infection  was  done  daily  foM 
to  7 days.  Two  days  later  cells  were  plated  in  equal  numbers  into  selective  media 
containing  200/yg/ml  G418.  Control  H460a  cells  were  plated  at  equal  cell  numbers  to 
determine  baseline  colony  forming  efficiency.  The  infection  efficiency  was  measured 
by  determining  the  percent  of  the  unselected  colony  number  formed  by  the  G418 
selected  colonies. 
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The  tumorigenicity  of  the  transduced  H460a  cells  was  studied  in 
an  orthotopic  lung  cancer  model.  Intratracheal  inoculation  of 
' H460a  cells  in  irradiated  (350cGy)  nu/nu  mice  resulted  in  the 

I growth  of  endobronchial  tumors  with  mediastinal  extension  in 

>80%  of  mice  after  4 weeks.  The  H460a-AS-LNSX,  H460a-LNSX, 
and  H460a  cells  (105/mouse)  were  injected  endotracheally  in  0.1 
ml  of  medium  and  the  mediastinal  block  was  harvested  after  4 
weeks.  Mice  were  assessed  for  tumor  growth  without  knowledge 
of  the  treatment  group.  Seven  of  9 mice  inoculated  with  H460a- 
LNSX  (mean  volume  12.5  ± 2.2  SE  mm3)  and  12  of  14  mice 
inoculated  with  H460a  parental  cells  (mean  volume  39.9  ± 4.25 
SE  mm3)  had  tumors.  Only  3 of  17  mice  receiving  H460a-AS- 
LNSX  cells  had  tumors  (mean  volume  2.95  ± 1.25  mm3).  We 
conclude  that  1)  retroviral  gene  transduction  can  be  used  to 
express  anti-sense  constructs  in  human  tumor  cells  at  levels  that 
mediate  a biologic  effect;  2)  AS-mediated  inhibition  of  activated  K- 
ras  expression  effectively  inhibits  proliferation  and  tumorigenicity  of 
human  cancer  cells.  Expression  of  the  AS-LNSX  expression  in  the 
H460a  cells  has  been  stable  up  to  6 months. 

In  a second  experiment,  H460a  cells  (105/mouse)  were  injected 
into  the  right  mainstem  bronchus  via  a tracheostomy  incision. 
Three  days  later  mice  were  inoculated  endobronchially  with  0.15 
ml  of  retroviral  supernate  or  control  medium  for  3 days.  Tumor 
growth  was  suppressed  in  the  group  receiving  supernate  from 
LNSX-AS  producer  cells  (Table  1).  Histologic  light  microscopic 
study  of  3 specimens  from  the  LNSX-AS  group  did  not  reveal  any 
residual  H460a  cells. 

Table  1:  Endotracheal  inoculation  of  retroviral  supernate  for  treatment  of  established  (3  day) 
H460a  human  lung  cancers  growing  endobronchially  in  nu/nu  mice.  The  H460a  cells  were 
injected  at  105  per  mouse.  The  titer  of  the  retroviral  supernate  was  5X1 06  CFU/ml.  Mice 
were  injected  with  0.15ml  of  supernate  daily  for  3 days. 


Producer  Cell 

s CFU/dose 

No,  of  Tumors/ 
No,  of  Mice  (%) 

Mean  Tumor  Volume  _+  SE 

H460a 

0 

7/8 

(87.5%) 

42.3  _+  7.9 

LNSX 

7.5X1 05 

7/8 

(87.5%) 

44.9  ± 10.1 

LNSX-AS 

7.5X1 05 

1/6 

(16.7%) 

7.7' 

* Volume  of  the  single  tumor  that  occurred  in  this  group 
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2.3.2  Restoration  of  expression  of  wt p53  gene  product 

2.3.2. 1 Preliminary  studies  with  plasmid  DNA 

The  p53  gene  is  the  most  commonly  altered  gene  yet  described 
in  human  cancers.  To  study  this  gene,  a cell  culture  model 
system  of  cell  lines  varying  in  p53  expression  was  established. 
The  H322a  lung  adenocarcinoma  cell  line  expresses  the  mutant 
p53  protein  as  shown  by  the  presence  of  high  levels  of 
endogenous  p53  mRNA  and  phosphorylated  protein.  We 
showed  that  the  H322a  cell  line  has  a G:T  transversion  at  codon 
248  (Arg  to  Leu)  with  absence  of  the  wildtype  allele.  The  H358a 
cell  line  has  a homozygous  p53  deletion.  The  H460a  and 
H226b  cell  lines  are  homozygous  for  the  wildtype  p53. 

Expression  vectors  for  sense  (S-p53)  and  antisense  p53  (AS- 
p53)  cDNA  with  a /?-actin  promoter  were  constructed  to  study 
the  effect  of  wt p53  expressed  in  lung  cancer  cells  with  mutant  or 
deleted  p53  and  the  effects  of  reducing  wildtype  and  mutant  p53 
expression.16 

Stable  transfectants  of  p53  mutant  cells  (H322a)  or  deleted  p53 
(H358)  expressing  S-p53  could  not  be  rescued.  Failure  to 
isolate  colonies  expressing  sense  p53  RNA  in  cells  with 
homozygous  mutant  or  deleted  alleles  shows  that  wtp53  can 
suppress  transformation  in  cancer  cells  expressing  a mutant  p53 
or  having  a homozygous  p53  deletion. 

In  general,  transfection  with  AS -p53  reduced  colony  formation 
(10-fold)  by  cells  with  endogenous  mutant  p53.  This  indicates 
that  expression  of  mutant  p53  contributes  to  the  transformed 
phenotype.  As  expected,  cells  with  wtp53  (H226b)  showed 
increased  tumorigenicity  when  transfected  with  AS -p53.  The 
H226b  cells  expressing  AS -p53  grow  significantly  more  rapidly  in 
nu/nu  mice  than  the  cells  transfected  with  the  control  plasmid. 
This  indicates  that  elimination  of  the  wtp53  gene  product 
enhances  features  of  the  malignant  phenotype. 

Our  studies  showed  that  wtp53  is  dominant  and  can  suppress 
the  malignant  phenotype  in  cells  with  mutant  or  deleted  p53. 

The  presence  of  the  mutant  p53  confers  transforming  potential 
to  the  gene  product,  which  can  be  suppressed  by  AS -p53. 

Thus,  in  cancer  cells  both  the  absence  of  wtp53  and  the 
presence  of  certain  p53  mutations  may  enhance  the  malignant 
phenotype. 


[428] 


Recombinant  DNA  Research,  Volume  16 


2. 3. 2. 2  Gene  construct 


The  retroviral  vector  construct  contains  p53  cDNA  with  its  p- 
actin  promoter  inserted  into  the  LNSX  or  the  G1  vector 24-25. 

2.3.2.3  Packaging 

See  section  2.3. 1.3. 

2.3.2.4  Preclinical  studies 

The  LNSX-p53  and  the  DC-p53  were  transduced  into  H322a 
(mutant  p53),  H358a  (deleted  p53),  and  H460a  (wt  p53).  H322a 
cells  that  underwent  one  cycle  of  infection  with  the  wtp53 
construct  but  without  G418  selection  had  an  over  3-fold 
reduction  in  proliferation  compared  to  cells  that  received  either 
the  unmodified  vector  or  no  treatment.  Two  cycles  of 
transduction  without  G418  selection  resulted  in  a 5-fold 
reduction  in  proliferation  (Fig.  3).  A similar  result  was  observed 
for  the  H358a  cell  line  when  transduced  with  LNSX-p53.  The 
proliferation  of  the  H460a  cell  line  which  has  a wildtype  p53  was 
not  altered  by  transduction  with  any  of  the  p53  retroviral 
constructs  (Fig.  4).  Thus,  retroviral  mediated  gene  transfer  of 
wtp53  into  human  lung  cancer  cells  with  deleted  or  mutated  p53 
significantly  reduces  the  proliferation  of  those  cells.  The 
expression  of  the  mutated  p53  protein  is  uniform  in  cultured  cell 
lines  as  detected  by  immunohistochemistry.  In  fresh  lung 
tumors  that  express  high  levels  of  p53  protein,  expression  is 
detected  in  >90%  of  cells. 

A critical  question  is  the  ability  of  the  retroviral  constructs  to 
transduce  established  tumor  cells  in  vivo.  This  question  was 
addressed  by  injecting  H460a  (105)  cells  in  the  mouse  right 
mainstem  bronchus  followed  3 days  later  by  lavage  with  LNSX 
retroviral  supernate  (10s  CFU  in  0.1ml).  LNSX  was  used  so  that 
the  neo  gene  could  be  used  as  a marker  for  transduction.  It 
was  necessary  to  recover  tumor  cells  for  analysis  so  that  the  AS 
construct  was  not  used.  Tumors  were  harvested  and  the 
presence  of  the  neo  gene  was  assessed  by  Southern 
hybridization.  The  neo  gene  was  detected  in  the  DNA  from  the 
H460a  cells  indicating  successful  transduction  of  the  retrovirus 
30  days  after  lavage.  Although  this  data  is  encouraging,  the 
model  has  limitations.  Direct  injection  of  endobronchial  tumor  is 
not  possible  in  this  model.  Other  sites  of  direct  injection  do  not 
accurately  simulate  the  milieu  of  endobronchial  lung  cancer. 
Thus,  definitive  answers  concerning  efficacy  must  be  obtained 
through  this  clinical  trial. 
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Figure  3:  Growth  curves  are  shown  for  104  cells/well  seeded  in  12  well  plates.  H322a 
cells  were  infected  by  incubation  0.5  ml  of  viral  supernate  stock  from  either  LNSX  or 
LNSX-p53  (108  CFU/ml)  on  2 consecutive  days  (beginning  at  day  -2)  in  the  presence 
of  8/;g/ml  of  polybrene.  Cells  were  not  selected  with  G418.  Cells  were  counted  daily 
The  mean  ± SE  is  shown  for  three  replicates. 


Time  (days) 

Figure  4:  Growth  curves  are  shown  for  104  cells/well  seeded  in  12  well  plates.  H358a 
cells  were  infected  by  incubation  0.5  m of  viral  supernate  stock  from  either  LNSX  or 
LNSX-p53  (10s  CFU/ml)  in  the  presence  of  8pg/ml  of  polybrene.  The  parental  H358a 
cells  served  as  a control.  Cells  were  not  selected  with  G418.  Cells  were  counted 
daily.  The  mean  ± SE  is  shown  for  three  replicates. 
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3.0  SAFETY  INFORMATION 


3.1  Continued  absence  of  replication  competent  infectious  virus  was  determined 
from  transfection-infection  experiments.  A neo-containing  vector  was 
transfected  into  packaging  cells;  colonies  were  selected  with  G418.  The 
supernate  were  used  to  infect  NIH  3T3  cells.  Selection  with  G418  will  be  done 
after  both  72  hrs  and  one  month  to  ensure  the  survival  of  rare  recombinants 
that  do  not  have  the  neo  gene  but  subsequently  infect  neo- positive  cells. 
Supernate  from  the  infected  NIH  3T3  cells  should  not  be  infectious.  These 
secondary  supernate  were  used  to  infect  naive  NIH  3T3  cells.  Lack  of  infectivity 
indicates  absence  of  replication  competent  virus.  To  date  experiments  have 
been  negative.  These  studies  and  the  following  safety  studies  will  be  performed 
by  Genetic  Therapy,  Inc. 

3.2  Sterility  will  be  assured  by  testing  for  aerobic  and  anaerobic  bacteria,  fungus, 
and  mycoplasma. 

3.3  S+/L'  assay  including  3T3  amplification  must  be  negative. 

3.4  PCR  assay  for  the  absence  of  4070A  envelope  gene  must  be  negative. 

3.5  Reverse  transcriptase  assay  must  be  negative. 

4.0  PATIENT  ELIGIBILITY 

4.1  Patients  must  have  histologic  proof  of  non-small  cell  lung  cancer.  Patients  must 
be  either  unresectable,  unable  to  receive  primary  external  beam  radiation 
therapy,  or  have  failed  primary  external  beam  radiation  therapy.  Patients  must 
have  bronchial  obstruction  as  their  major  problem  requiring  therapy.  Patients 
will  be  excluded  or  removed  from  the  study  if  at  any  point  they  require  systemic 
chemotherapy  for  control  of  progressive  metastatic  disease. 

4.2  Patients  must  have  an  endobronchial  tumor  accessible  by  the  bronchoscope. 
There  must  be  some  clinical  evidence  of  bronchial  obstruction. 

4.3  All  patients  must  have  a life  expectancy  of  at  least  1 2 weeks  and  must  have  a 
performance  status  of_<2  (Zubrod  scale,  Appendix  B). 

4.4  All  patients  must  sign  an  informed  consent  indicating  that  they  are  aware  of  the 
investigational  nature  of  this  study  in  keeping  with  the  policies  of  the  hospital. 
The  only  acceptable  form  is  the  one  attached  at  the  end  of  this  protocol. 

4.5  A tumor  biopsy  must  show  either  a K-ras  mutation  or  a p53  mutation  by  single- 
strand conformation  analysis27.  Material  obtained  previously  and  embedded  in 
paraffin  may  be  analyzed.  If  a new  biopsy  is  required,  the  patient  will  be 
entered  into  the  protocol  and  informed  consent  obtained  if  protocol  entry  is  the 
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sole  reason  for  the  biopsy.  K-ras  mutations  will  be  determined  by  specific 
oligonucleotide  hybridization  to  PCR  amplified  tumor  DNA.  Mutations  of  the  p53 
gene  will  be  determined  by  SSCP  analysis  of  exons  5-8  of  PCR  amplified  tumor 
DNA. 

4.6  Patients  will  be  tested  for  HIV  prior  to  entry  onto  the  protocol  and  must  be  HIV- 
negative. 

5.0  TREATMENT  PLAN 

5.1  Patients  will  undergo  bronchoscopy  to  assess  the  degree  of  obstruction.  As 
much  gross  tumor  as  possible  will  be  resected  endoscopically.  Patients  may 
also  have  had  brachytherapy  as  a tumor  reduction  modality. 

5.2  Patients  will  undergo  bronchoscopy  under  topical  or  general  anesthesia.  A 
Stifcortm  transbronchial  aspiration  needle  (21  g)  will  be  passed  through  the 
biopsy  channel  of  the  bronchoscope.  The  residual  tumor  site  will  be  injected 
with  107  CFU  of  the  appropriate  retroviral  supernate.  The  volume  will  be  no 
greater  than  10  ml.  Protamine  will  be  added  at  a concentration  of  5pg/ml.  This 
is  0.2%  of  the  amount  given  intravenously  to  reverse  heparinization. 

Injections  will  be  circumferential  and  will  be  intratumor  and  submucosal.  The 
AS-K -ras  supernate  will  be  used  for  K-ras  mutations  and  the  p53  supernate  will 
be  used  for  p53  mutations.  The  injections  will  be  repeated  daily  for  five 
consecutive  days.  The  treatment  will  be  repeated  monthly.  Treatment  will 
continue  as  long  as  there  is  no  tumor  progression.  After  one  year  the  patients 
will  be  evaluated  for  continuation  of  therapy. 

5.3  Patients  will  wear  a surgical  mask  for  24  hours  following  injection  of  the 
retroviral  supernate.  All  medical  personnel  will  wear  masks  routinely  during 
bronchoscopy  and  injection  of  the  retroviral  supernates.  Anti-tussives  will  be 
prescribed  as  necessary. 

6.0  PRE-TREATMENT  EVALUATION 

6.1  A complete  history  and  physical  to  include  performance  tatus,  recent  weight 
loss,  usual  weight  and  concurrent  non-malignant  disease  and  its  therapy,  and 
all  prior  anticancer  treatments  must  be  recorded. 

6.2  Laboratory  studies  shall  include  quantitative  immunoglobulins;  a CBX  with 
differential  and  platelet  count;  SMA-12  and  electrolytes,  including  creatinine, 
bilirubin,  SGPT,  and  alkaline  phosphatase;  urinalysis,  and  chest  x-ray. 

6.3  Any  residual  toxicity  from  prior  therapies  should  be  recorded  using  the  grading 
schema  in  Appendix  C. 

6.4  Appropriate  studies  should  be  obtained  to  fully  define  the  extent  and  severity  of 
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existing  or  suspected  malignant  and  non-malignant  disease. 

6.5  The  location  and  size  of  the  endobronchial  lesion  must  be  recorded  prior  to 
treatment.  A photograph  of  the  area  will  be  taken  at  a fixed  distance  from  the 
lesion.  The  area  will  be  measured  in  2 dimensions  (product  of  longest  and 
perpendicular  dimensions). 

EVALUATION  DURING  STUDY 

7.1  Patients  will  have  a CBC,  platelet  count,  PT,  PTT,  SMA-12,  electrolytes,  and  a 
chest  x-ray  prior  to  each  course  of  therapy.  Serum  will  be  collected  pre-  and 
post-treatment  for  analysis  of  antibodies  to  retroviral  proteins. 

7.2  History  and  physical  with  performance  status  and  weight  should  be  recorded 
before  each  course. 

7.3  The  tumor  will  be  photographed  bronchoscopically  at  the  beginning  of  each 
course.  Tumor  measurements  are  to  be  recorded  before  each  course. 

7.4  All  relevant  information  regarding  drug  dosage,  tumor  response,  laboratory 
examinations,  and  treatment-related  toxicities  must  be  recorded  before  each 
treatment  is  given. 

7.5  Parameters  to  be  Measured  In  Vitro 

7.5.1  Bronchoscopic  tumor  and  normal  bronchial  epithelial  biopsies  will  be 
obtained  prior  to  the  beginning  of  each  course.  Tissue  will  be  fixed 
immediately  in  4%  paraformaldehyde  and  0.5%  gluteraldehyde  at  4°C. 
This  will  permit  extraction  of  DNA  and  RNA  and  permit  in  situ 
hybridization. 

7.5.2  Biopsies  will  be  analyzed  for  incorporation  of  the  transduced  gene  into 
the  host  genomic  DNA  and  expression  of  the  transduced  gene  at  the 
RNA  level  by  standard  hybridization  techniques  following  polymerase 
chain  reaction  and  by  in  situ  hybridization. 

7.5.3  All  patients  will  be  evaluable  for  response  and  toxicity  following  one 
course  of  therapy 

CRITERIA  FOR  RESPONSE  AND  TOXICITY 

8.1  The  tumor  bed  will  be  photographed  prior  to  each  course  of  therapy. 

8.2  The  longest  diameter  and  its  perpendicular  will  be  measured.  Size  will  be 
reported  as  the  product  of  the  diameters. 
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8.3 


The  rate  of  regrowth  of  the  tumor  will  be  calculated  from  these  measurements. 


8.4  Time  to  Progression  and  Survival  Duration:  The  time  to  progression  will  be 
measured  from  the  first  observation  with  reduction  in  tumor  bulk  until  there  is 
evidence  of  progressive  disease.  Progressive  Disease  is  defined  as  an  increase 
of  _>  25%  in  the  sum  of  the  products  of  the  diameters  of  the  measured  lesion. 
Patients  must  have  received  at  least  two  courses  of  therapy  before  a 
designation  of  progression  is  made.  The  survival  of  patients  will  be  measured 
from  entry  into  protocol. 

8.5  All  toxicities  encountered  during  the  study  will  be  evaluated  according  to  the 
grading  system  (0-4)  in  Appendix  C and  recorded  prior  to  each  course  of 
therapy.  Duration  of  the  toxicity  and  its  treatment  will  be  recorded.  Life- 
threatening  toxicities  should  be  reported  immediately  to  the  Study  Chairperson, 
who  in  turn,  must  notify  the  IRB,  RAC,  and  FDA. 

8.6  Potential  risks  of  retroviral  gene  transduction 

8.6.1  Insertional  mutagenesis.  The  possibility  of  causing  malignancy  in  normal 
cells  secondary  to  random  insertion  of  the  retroviral  vector  in  the  genome 
exists  although  this  risk  is  thought  to  be  very  low.  Tests  of  viral 
supernate  will  be  conducted  to  assure  that  no  replication  competent  virus 
is  present.  Non-replicating  bronchial  epithelial  cells  do  not  take  up  the 
vector  in  the  mouse  studies. 

8.6.2  Risk  from  murine  retrovirus.  The  retrovirus  derived  from  the  Moloney 
murine  leukemia  virus  is  modified  so  that  it  no  longer  contains  intact  viral 
genes.  Thus,  it  cannot  produce  an  intact  infectious  virus.  Assays  will  be 
performed  on  the  retroviral  vector  supernate  and  the  packaging  cell  to 
insure  that  replication  competent  virus  is  not  present  (see  Section  3.0). 
Extensive  safety  studies  have  been  performed  on  related  retroviral 
constructs  in  primates.  Large  infusions  of  infectious  murine 
amphotrophic  virus  produce  no  acute  pathologic  effects.  Primates  have 
also  received  retroviral  gene-modified  autologous  bone  marrow  cells  with 
no  evidence  of  toxicity  as  long  as  4 years  after  infusion28. 

8.6.3  Efficacy  of  aminoglycoside  antibiotics.  The  neomycin  resistance  gene 
product,  neomycin  phosphotransferase,  phosphorylates  the  3’  hydroxyl 
group  of  the  aminohexose  I of  neomycin  and  its  analogues.  Amikacin, 
but  not  gentamicin  and  tobramycin  which  do  not  contain  an  hydroxyl  at 
the  3"  position,  is  inactivated.  Thus,  induction  of  the  neomycin  resistance 
gene  would  not  exclude  aminoglycosides  or  any  other  conventional 
antibiotic  from  use  in  these  patients. 
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9.0  CRITERIA  FOR  DISCONTINUING  THERAPY 

9.1  Increasing  endobronchial  tumor  (greater  than  25%  increase  in  product  of 
perpendicular  diameters)  after  a minimum  of  2 or  more  courses  of  therapy. 

9.2  The  development  of  unacceptable  toxicity  defined  as  unpredictable,  irreversible, 
or  Grade  4.  Patient  refusal  of  therapy  due  to  a specific  toxicity  should  be 
graded  as  4 and  an  explanatory  note  recorded. 

9.3  Non-compliance  by  patient  with  protocol  requirements. 

9.4  Patient  refusal  to  continue  treatment. 

9.5  Criteria  for  removal  from  protocol: 

a)  Refusal  to  continue  study  participation 

b)  Significant  hemoptysis 

c)  Coagulopathy 

d)  Progressive  postobstructive  pneumonia 

10.0  DATA  AND  PROTOCOL  MANAGEMENT 

10.1  Protocol  Compliance:  The  attending  physician  and  oncology  research  nurse 
must  see  patients  prior  to  drug  administration.  All  required  interim  and 
pretreatment  data  should  be  available  and  the  physician  must  have  a 
designation  as  to  tumor  response  and  toxicity  grade. 

10.2  Data  Entry:  Data  must  be  entered  into  the  Clinical  Data  Management  System 
before  a course  of  therapy  can  be  given.  A brief  explanation  for  missing  data 
should  be  recorded  as  a comment. 

10.3  Accuracy  of  Data  Collection:  The  Study  Chairperson  will  be  the  final  arbiter  of 
response  of  toxicity  should  a difference  of  opinion  exist. 

10.4  Statistical  Considerations:  A single  arm  study  design  will  be  used.  It  is  assumed 
that  the  regrowth  of  the  tumor  occurs  in  90%  of  patients  (>25%  increase  in 
area).  If  the  frequency  of  regrowth  is  reduced  to  60%  by  the  treatment,  then 
using  a one-sided  test  with  80%  power  and  a =.05,  a sample  size  of  14  patients 
is  needed.  It  should  be  possible  to  accrue  this  number  within  18  months. 

To  prevent  enrolling  more  patients  in  the  trial  when  excessive  toxicity  is  found,  a 
Bayesian  early  stopping  rule  will  be  implemented.  The  design  is  described  as 
follows: 

1)  The  toxicity  is  considered  unacceptable  at  the  level  when  more  than  one- 
third  of  the  patients  develop  Grade  3 toxicity  or  when  more  than  one- 
sixth  of  the  patients  develop  Grade  4 toxicity. 
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2)  The  probability  of  toxicity  is  assumed  to  follows  the  beta  distribution  with 
a non-informative  prior  [Uniform  (0,1)]. 

3)  The  trial  will  be  terminated  when  the  probability  of  toxicity  is  greater  than 
the  undesired  level  [defined  in  (1)]  with  a high  confidence.  In  this  design, 
we  choose  this  confidence  probability  being  0.90. 

Under  the  above  specification,  the  trial  will  be  stopped  when  the  Grade  3 
toxicity  is  observed  in  the  following  cases:  (The  number  of  toxicity  is  given  in 
the  numerator  and  the  number  of  total  cases  in  the  denominator.)  2/2,  3/3, 
3/4-5,  4/6-7,  5/8-9,  6/10-12,  7/13-14. 

The  trial  can  also  be  stopped  when  the  Grade  4 toxicity  is  observed  in:  1/1-2, 
2/3-6,  3/7-10,  4/11-14. 

11.0  REPORTING  REQUIREMENTS 

11.1  Any  life-threatening  and/or  unexpected  and  serious  (grade  3 or  4)  toxicity  will 
be  reported  immediately  to  the  Study  Chairperson  who,  in  turn,  must  notify  the 
Surveillance  Committee  and  the  sponsoring  agency. 

11.2  The  Protocol  Data  management  System  will  be  used  for  data  collections. 
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THE  UNIVERSITY  OF  TEXAS  M.  D.  ANDERSON  CANCER  CENTER 

INFORMED  CONSENT 

Protocol  Title:  "Clinical  Protocol  for  Modification  of  Oncogene  and  Tumor 

Suppressor  Gene  Expression  in  Non-Small  Cell  Lung  Cancer 
(NSCLC)" 


1.  

Participant’s  Name  i.D.  Number 

You  have  the  right  to  know  about  the  procedures  that  are  to  be  used  in  your  participation  in 
clinical  research  so  as  to  afford  you  an  opportunity  to  make  the  decision  whether  or  not  to 
undergo  the  procedure  after  knowing  the  risks  and  hazards  involved.  This  disclosure  is  not 
meant  to  frighten  or  alarm  you;  it  is  simply  an  effort  to  make  you  better  informed  so  that  you 
may  give  or  withhold  your  consent  to  participate  in  clinical  research.  This  informed  consent 
does  not  supersede  other  consents  you  may  have  signed. 

DESCRIPTION  OF  RESEARCH 

2.  PURPOSE  OF  THE  STUDY:  This  is  a clinical  research  study  to  evaluate  a new 
therapy.  A retrovirus  that  is  inactivated  and  contains  a gene  that  will  inactivate  or 
replace  defective  cancer  causing  genes  in  lung  cancer  will  be  directly  injected  into 
lung  cancer  cells  that  are  growing  and  obstructing  the  airway  to  the  lung. 

3.  DESCRIPTION  OF  RESEARCH:  It  has  been  recognized  that  cancer  is  associated  with 
abnormalities  in  certain  genes  (oncogenes)  which  can  become  mutated  or  lost  during 
the  process  of  cancer  development.  This  study  is  an  attempt  to  restore  a pattern  of 
normal  behavior  to  the  cancer  cell  by  correcting  one  of  these  gene  abnormalities. 

The  experimental  protocol  is  as  follows:  A total  of  14  patients  who  have  known  tumors 
within  their  airway  will  be  examined.  These  patients  are  scheduled  to  have 
bronchoscopic  exams  as  part  of  their  evaluation  either  under  local  anesthesia  or 
general  anaesthesia.  The  surgeon  performs  an  examination  using  a regular  white 
light  source  to  illuminate  the  tracheobronchial  tree.  If  a tumor  is  found  that  is 
obstructing  a portion  of  the  tracheobronchial  tree,  that  patient  will  be  considered 
eligible  for  the  study.  Patients  will  not  be  eligible  for  radiation  therapy  or  surgery.  It 
must  also  be  possible  to  reduce  the  number  of  tumor  cells  to  a small  amount  with 
removal  through  the  bronchoscope  or  laser  treatment.  The  tumor  must  have  a 
specific  gene  mutation  in  it.  It  may  be  possible  to  find  this  mutation  in  specimens  from 
previous  biopsies.  However,  it  these  are  not  available  new  biopsies  must  be 
performed.  If  the  new  biopsy  material  does  not  show  the  mutation,  the  patient  cannot 
participate  in  the  study.  The  residual  tumor  will  be  injected  daily  for  5 consecutive 
days  with  a retrovirus  containing  a gene  that  can  correct  an  abnormality  detected  in 
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the  cancer  cells.  This  treatment  will  be  repeated  monthly  as  long  as  there  is  evidence 
that  the  tumor  is  not  growing.  The  cost  of  the  routine  bronchoscopy  and  biopsies 
which  are  part  of  the  work  up  of  patient’s  condition  shall  be  his/her  responsibility. 

RISKS,  SIDE  EFFECTS  AND  DISCOMFORTS  TO  PARTICIPANTS: 

A few  additional  biopsies  will  be  required.  A bronchoscopic  biopsy  samples  a very 
tiny  piece  of  the  mucosa.  Risks  of  biopsies  include  hemoptysis  (coughing  up  blood) 
which  is  usually  transient  and  self  limited.  Severe  hemorrhage  requiring  emergency 
maneuvers  including  intubation  and  thoracotomy  are  exceedingly  rare.  Although 
extremely  rare,  any  experimental  procedure  may  result  in  unforeseen  risks. 

Appropriate  medical  therapy  will  be  made  available  for  the  treatment  of  such  side 
effects. 

4a.  This  clinical  procedure  may  involve  unforeseeable  risks  to  the  participant  (or  to 
the  embryo  or  fetus,  if  the  participant  is  or  may  become  pregnant  during 
treatment).  To  help  prevent  injury  to  unborn  children,  upon  recommendation  by 
the  attending  physician,  the  participants  should  practice  adequate  methods  of 
birth  control  throughout  the  period  of  their  involvement  in  this  clinical  research 
study. 

4b.  Possibility  of  Causing  a New  Cancer.  The  possibility  of  causing  cancer  in 
normal  cells  exists  although  this  risk  is  thought  to  be  very  low.  Tests  of  viral 
supernate  will  be  conducted  to  assure  that  possible  disease  causing  virus  is  not 
present  in  the  material  to  be  injected. 

Risk  from  murine  retrovirus.  The  retrovirus  derived  from  the  Moloney  murine 
leukemia  virus  is  modified  so  that  it  no  longer  contains  intact  viral  genes.  Thus  it 
cannot  produce  an  intact  infectious  virus.  Therefore,  the  risk  of  getting  a virus 
infection  is  extremely  low. 


4c.  A small  amount  of  protamine  is  added  to  the  retroviral  mixture.  Infrequent 

allergic  reactions  and  low  blood  pressure  have  occurred  as  side-effects  when 
this  drug  is  given.  These  are  very  unlikely  to  occur  with  the  small  dose  given. 

POTENTIAL  BENEFITS:  There  is  potential  therapeutic  benefit  from  this  procedure.  It  is 
possible  that  injection  of  the  retrovirus  will  slow  the  growth  of  the  tumor  and  prevent 
further  blockage  of  the  lung.  This  study  will  also  form  the  basis  for  future  studies 
which  may  be  able  to  apply  this  technology  to  the  treatment  of  earlier  cancer. 

ALTERNATE  PROCEDURES  OR  TREATMENTS:  Patients  will  be  eligible  for  this  study 
if  conventional  therapy  such  as  surgery  or  external  beam  radiation  therapy  has 
already  been  performed  or  cannot  be  done. 

PERMISSION  FOR  AUTOPSY:  It  is  anticipated  that  permission  to  perform  an  autopsy 
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will  be  granted  in  the  event  of  a patient’s  death  following  participation  in  this  study. 
Accurate  determination  of  the  cause  of  death  is  of  vital  importance  to  future  patients. 

UNDERSTANDING  OF  PARTICIPANTS 

7.  I have  been  given  an  opportunity  to  ask  any  questions  concerning  the  procedure 
involved  and  the  investigator  has  been  willing  to  reply  to  my  inquiries.  This  procedure 
will  be  administered  under  the  above  numbered,  titled  and  described  clinical  research 
protocol  at  this  institution.  I hereby  authorize  Dr.  Jack  A.  Roth,  the  attending 
physician/investigator  and  designated  associates  to  administer  the  treatment. 

8.  I have  been  told  and  understand  that  my  participation  in  this  clinical  research  study  is 
voluntary.  I may  decide  not  to  participate,  or  withdraw  my  consent  and  discontinue 
my  participation  at  any  time.  Such  action  will  be  without  prejudice  and  there  shall  be 
no  penalty  or  loss  of  benefits  to  which  I may  otherwise  be  entitled,  and  I will  continue 
to  receive  treatment  by  my  physician  at  this  institution. 

Should  I decide  not  to  participate  or  withdraw  my  consent  from  participation  in  this 
clinical  research,  I have  been  advised  that  I should  discuss  the  consequences  or 
effects  of  my  decision  with  my  physician. 

In  addition,  I understand  that  the  investigator  may  discontinue  the  clinical  research 
study  if,  in  the  sole  opinion  and  discretion  of  the  investigator,  the  study  or  treatment 
offers  me  little  or  no  future  benefit,  or  the  supply  of  medication  ceases  to  be  available 
or  other  causes  prevent  continuation  of  the  clinical  research  study.  The  investigator 
will  notify  me  should  such  circumstances  arise  and  my  physician  will  advise  me  about 
available  treatments  which  may  be  of  benefit  at  that  time. 

I will  be  informed  of  any  new  findings  developed  during  the  course  of  this  clinical 
research  study  which  may  relate  to  my  willingness  to  continue  participation  in  the 
study. 

9.  I have  been  assured  that  confidentiality  will  be  preserved  except  that  qualified 
monitors  from  Genetic  Therapy,  Inc.,  the  Food  and  Drug  Administration,  or  National 
Cancer  Institute  may  review  my  records  where  appropriate  and  necessary.  Qualified 
monitors  shall  include  assignees  authorized  by  the  Surveillance  Committee  of  this 
institution  provided  that  confidentiality  is  assured  and  preserved.  My  name  will  not  be 
revealed  in  any  reports  or  publications  resulting  from  this  study,  without  my  expressed 
consent. 

10.  I have  been  informed  that,  should  I suffer  any  injury  as  a result  of  participation  in  this 
research  activity,  reasonable  medical  facilities  are  available  for  treatment  at  this 
institution.  I understand,  however,  that  I cannot  expect  to  receive  any  credit  or 
reimbursement  for  expenses  from  this  institution  or  any  financial  compensation  from 
this  institution  for  such  injury. 
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I have  been  informed  that  I should  inquire  of  the  attending  physician  whether  or  not 
there  are  any  sen/ices,  investigational  agents  or  devices,  and/or  medications  being 
offered  by  the  sponsor  of  this  clinical  research  project  at  a reduced  cost  or  without 
cost.  Should  the  investigational  agent  become  commercially  available  during  the 
course  of  the  study,  I understand  that  I may  be  required  to  cover  the  cost  of 
subsequent  doses. 

Costs  related  to  my  medical  care  including  expensive  tests  or  procedures  shall  be  my 
responsibility.  I have  been  given  the  opportunity  to  discuss  the  expenses  or  costs 
associated  with  my  participation  in  this  research  activity. 

It  is  possible  that  this  research  project  will  result  in  the  development  of  beneficial 
treatments,  new  drugs,  or  possible  patentable  procedures,  in  which  event  I herein 
disclaim  and  hereby  waive  any  right  or  claim  to  receive  any  compensation  or  benefits 
from  the  subsequent  use  of  information  acquired  and  developed  through  participation 
in  this  research  project. 

I understand  that  practicing  effective  contraception  is  medically  necessary  and  a 
prerequisite  for  my  participation  in  this  clinical  research  study.  Should  contraception 
be  interrupted  or  if  there  is  any  suspicion  of  pregnancy,  my  participation  in  this  clinical 
research  study  will  be  terminated  at  the  sole  discretion  of  the  investigator. 

I may  discuss  any  questions  or  problems  during  or  after  this  study  with  Dr.  Jack  A. 
Roth  at  (713)  792-6932.  In  addition,  I may  discuss  any  problems  I may  have  or  any 
questions  regarding  my  rights  during  or  after  this  study  with  the  Chairman  or  the 
Surveillance  Committee  at  (713)  792-3220  and  may  in  the  event  any  problem  arises 
during  this  clinical  research  contact  the  parties  named  above. 
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CONSENT 


Based  upon  the  above,  I consent  to  participate  in  the  research  and  have  received  a copy  of 
the  consent  form. 


DATE 


SIGNATURE  OF  PARTICIPANT 


WITNESS  OTHER  THAN  PHYSICIAN  SIGNATURE  OF  PERSON 

OR  INVESTIGATOR  RESPONSIBLE  & RELATIONSHIP 


I have  discussed  this  clinical  research  study  with  the  Participant  and/or  his  or  her  authorized 
representative  using  a language  which  is  understandable  and  appropriate.  I believe  that  I 
have  fully  informed  this  participant  of  the  nature  of  this  study  and  its  possible  benefits  and 
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ABSTRACT 

"Clinical  Protocol  for  Modification  of  Oncogene  and  Tumor  Suppressor  Gene  Expression 
in  Non-Small  Cell  Lung  Cancer  (NSCLC)",  Jack  A.  Roth,  M.D.,  Study  Chairman 
The  objective  of  this  protocol  is  to  evaluate  the  toxicity  and  possible  therapeutic 
efficacy  of  the  intralesional  administration  of  retroviral  constructs  containing 
antisense  (AS)  K-ras  (for  tumors  with  mutated  K-ras)  and  wildtype  p53  (wt p53)  (for 
tumors  with  mutated  or  deleted  p53)  into  residual  endobronchial  NSCLC  which 
obstructs  a bronchus  and  which  is  refractory  to  conventional  therapy. 

PATIENT  ELIGIBILITY 

1)  Patients  must  have  histologic  proof  of  non-small  cell  lung  cancer.  Patients 
must  be  either  unresectable,  unable  to  receive  primary  external  beam  radiation 
therapy,  or  have  failed  primary  external  beam  radiation  therapy. 

2)  Patients  must  have  an  endobronchial  tumor  accessible  by  the  bronchoscope. 

There  must  be  some  clinical  evidence  of  bronchial  obstruction. 

3)  All  patients  must  have  a life  expectancy  of  at  least  12  weeks  and  must  have  a 
performance  status  of  <2  (Zubrod  scale,  Appendix  B). 

4)  All  patients  must  sign  an  informed  consent  indicating  that  they  are  aware  of 
the  investigational  nature  of  this  study  in  keeping  with  the  policies  of  the 
hospital.  The  only  acceptable  form  is  the  one  attached  at  the  end  of  this 
protocol . 

5)  A tumor  biopsy  must  show  either  a K-ras  mutation  or  a p53  mutation  by  single- 
strand conformation  analysis. 

TREATMENT  PLAN 

1)  Patients  will  undergo  bronchoscopy  to  assess  the  degree  of  obstruction.  As 
much  gross  tumor  as  possible  will  be  resected  endoscopical ly . Patients  may 
also  have  had  brachytherapy  as  a tumor  reduction  modality. 

2)  Patients  will  undergo  bronchoscopy  under  topical  or  general  anesthesia.  A 
Stifcortm  transbronchial  aspiration  needle  ( 2 lg ) will  be  passed  through  the 
biopsy  channel  of  the  bronchoscope.  Tumor  will  be  debulked  endoscopical ly.  The 
residual  tumor  site  will  be  injected  with  107  CFU/ml  of  the  appropriate 
retroviral  supernatant.  The  volume  will  be  no  greater  than  10  ml.  Injections 
will  be  circumferential  and  will  be  intratumor  and  submucosal.  The  AS-K-ras 
supernatant  will  be  used  for  K-ras  mutations  and  the  p53  supernatant  will  be 
used  for  p53  mutations.  The  injections  will  be  repeated  daily  for  five 
consecutive  days.  The  treatment  will  be  repeated  monthly. 

PRETREATMENT  EVALUATION 

Pretreatment  evaluation  will  consist  of  a complete  history  and  physical  including 
performance  status,  weight  loss,  description  of  previous  and  current  malignant  and 
non-mal ignant  diseases  and  their  treatment,  and  residual  toxicities;  location  and 
size  of  the  endobronchial  lesion;  chest  x-ray,  and  laboratory  studies  including: 
quantitative  immunoglobulins;  a CBC  with  differential  and  platelet  count;  SMA-12  and 
electrolytes,  including  creatinine,  bilirubin,  SGPT,  alkaline  phosphatase,  and 
urinalysis. 

Prior  to  each  course  of  therapy,  the  following  clinical  data  will  be  ascertained  and 
recorded: 

1.  CBC,  platelet  count,  PT,  PTT,  SMA-12,  electrolytes,  and  a chest  x-ray. 

2.  Measurement  and  bronchoscopic  photograph  of  tumor. 

3.  All  relevant  information  regarding  drug  dosage,  tumor  response,  laboratory 
examinations,  and  treatment-related  toxicities. 

The  primary  endpoint  of  the  study  will  be  regrowth  of  the  tumor.  The  effect  of 
therapy  in  this  group  of  patients  will  also  be  measured  by  determining  length  of 
patient  survival,  length  of  time  the  affected  lobe  of  the  lung  remains  aerated,  and 
reduction  in  measurable  endobronchial  tumor.  A maximum  of  14  patients  will  be 
recruited  in  this  study. 
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Protocol  Title:  " Clinical  Protocol  for  Modification  of  Oncogene  and  Tumor 

Suppressor  Gene  Expression  in  Non-Small  Cell  Lung  Cancer 
(NSCLC) " 

Principal  Investigator:  Jack  A.  Roth,  M.D. 

The  purpose  of  this  protocol  is  to  study  a way  of  stopping  cancer  causing 
genes  from  functioning  in  human  lung  cancer  cells  in  patients.  Two  types  of  cancer 
causing  genes  have  been  identified  in  human  lung  cancer.  One  of  these  genes  is  the 
K-ras  oncogene.  A mutation  in  a single  base  causes  this  gene  to  produce  an  abnormal 
protein  which  changes  the  cell  from  normal  to  malignant.  A second  gene  that  is 
altered  in  human  lung  cancer  is  the  p53  tumor  suppressor  gene.  A mutation  or 
deletion  of  both  copies  of  this  gene  causes  the  cell  to  become  cancerous. 

This  protocol  uses  a gene  therapy  technique  to  turn  off  production  of  the 
abnormal  K-ras  protein  and  to  replace  the  normal  function  of  the  p53  gene.  DNA  that 
produces  "antisense”  (mirror  image)  RNA  is  introduced  into  the  cancer  cell.  This 
antisense  RNA  is  specifically  targeted  to  the  RNA  (sense)  that  is  producing  the 
abnormal  K-ras  protein.  The  sense  and  antisense  RNAs  bind  together  and  this 
prevents  the  abnormal  K-ras  protein  from  being  produced.  The  normal  p53  gene  will 
be  introduced  into  lung  cancer  cells.  This  normal  gene  will  overcome  the  function  of 
the  mutant  gene  and  also  replace  the  normal  p53  function. 

A novel  feature  of  this  protocol  is  that  the  genes  will  be  introduced  into  human 
cancer  cells  in  the  patient  by  a retrovirus.  A special  retrovirus  that  is  harmless  to 
patients  and  rendered  incapable  of  dividing  is  used.  The  antisense  K-ras  and  the  p53 
gene  are  each  inserted  separately  in  this  retrovirus.  The  retrovirus  is  taken  up  by  the 
cancer  cell  and  integrated  into  the  cancer  cell's  DNA  where  the  newly  inserted  gene 
is  now  expressed.  Constant  expression  of  these  genes  renders  the  cancer  cell 
incapable  of  growing  and  dividing.  Only  dividing  cells  such  as  cancer  cells  can 
incorporate  the  retrovirus.  Thus,  this  therapy  is  very  selective  for  cancer  cells.  The 
antisense  K-ras  gene  and  the  normal  p53  gene  are  not  harmful  to  normal  cells.  The 
retrovirus  will  be  injected  directly  into  the  lung  cancer. 

Patients  with  lung  cancer  who  are  unable  to  have  surgery,  radiation  therapy, 
or  chemotherapy  may  participate.  Patients  must  have  a cancer  that  can  be  reached 
with  the  bronchoscope  and  that  is  obstructing  air  passage  to  the  lung.  Patients  will 
have  some  of  the  tumor  removed.  The  tumor  will  be  tested  to  determine  if  it  has  one 
or  the  other  genetic  abnormality.  The  retrovirus  capable  of  correcting  the  specific 
gene  abnormality  will  be  directly  injected  into  the  tumor.  Following  this  the  growth 
of  the  tumor  will  be  measured.  Patients  may  have  multiple  injections  of  the  retrovirus. 
The  tumor  will  also  be  studied  to  determine  if  the  tumor  cells  are  taking  up  the 
retrovirus. 
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6.  CLINICAL  PROTOCOL 

6.1  PHASE  2 PROTOCOL 

6.1.1  INTRODUCTION 

The  investigational  device  (the  Neuroblastoma  Bone  Marrow  Purging  System)  to  be 
examined  in  the  course  of  the  proposed  clinical  study  comprises:  (a)  a panel  of  murine 
monoclonal  antibodies  reactive  with  cell  surface  antigens  found  on  neuroblastoma  tumor 
cells;  (b)  a device,  including  its  associated  disposables,  designed  to  remove  paramagnetic 
microspheres  added  to  marrow  suspensions  and  (c)  anti-murine  antibody  coated 
microspheres.  It  is  intended  that,  when  utilized  in  the  therapeutic  procedure  described, 
this  device  will  function  ex  vivo  so  as  to  remove  contaminating  neuroblastoma  tumor  cells 
from  autologous  bone  marrow  prior  to  infusion. 

The  general  principles  of  the  investigational  therapy  are  shown  in  Figure  6.1.1. 

Prior  to  and  in  concurrence  with  this  proposed  protocol,  participating  institutions  will 
adhere  to  their  own  protocols  using  intensive  combination  chemotherapy  regimens  and 
drug  therapies.  These  protocols  will  be  summitted  in  the  EDE  in  Section  6.4,  Concurrent 
Clinical  Protocols. 

6. 1.1.1  Neuroblastoma 

Pediatric  neuroblastoma  is  a malignant  tumor  of  sympathetic  nerve  cell  origin,  with  the 
primary  site  of  disease  located  in  the  adrenal  glands  (Friel,  1965).  Neuroblastoma  is 
staged  according  to  a standardized  set  of  criteria  as  Stage  1,  2,  3,  or  4/4S,  depending  on 
the  state  of  advancement  of  the  primary  tumor,  and  the  presence  or  absence  of  metastatic 
disease. 
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FIGURE  6.1.1 

Schematic  Representation  of  the  Investigational  Therapy 
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The  most  advanced  form  of  the  disease,  clinical  Stage  4,  is  metastatic  Hiwaw  involving 
one  or  more  organs,  including,  but  not  limited  to  the  bone  marrow  (Berthold,  1990). 
This  is  essentially  identical  to  Stage  D in  the  Pediatric  Oncology  Group  classification 
(Brodeur  et  al,  1988),  (see  Appendix  A). 

6. 1 . 1 .2  Incidence  and  Demographics 

The  incidence  of  new  cases  of  neuroblastoma  in  1990  was  estimated  at  500  cases 
worldwide,  with  the  majority  of  cases  diagnosed  in  the  USA  (200)  and  in  Europe  (200) 
(Graham-Pole,  1990).  In  a series  of  81  patients  transplanted  by  the  Pediatric  Oncology 
Group  (POG)  the  following  demographic  profile  was  reported:  median  age  at  diagnosis 
- 4 years  (range  0.5-14);  race  - 14%  black,  86%  non-black;  sex  - 40%  female,  60% 
male  (Graham-Pole  et  al,  1991). 

In  a study  of  197  patients,  at  diagnosis  65%  were  found  to  be  in  Stage  D. 
Neuroblastoma  cells  were  detected  in  66.5  % of  all  patients,  with  86%  of  Stage  D patients 
displaying  marrow  involvement,  with  a median  of  20,000  tumor  cells  per  100,000 
marrow  cells  (Moss  et  al,  1991). 

6. 1.1.3  Treatment 

Chemotherapy  combined  with  surgery  has  been  the  conventional  treatment  for  Stage  D 
neuroblastoma.  Disease-free-survival  using  this  approach  has  been  10-20%  at  5 years 
(Evans  et  al,  1987;  Green  et  al,  1986).  This  has  lead  to  the  development  and  testing  of 
protocols  to  evaluate  intensive  chemotherapy  and  total  body  irradiation  with  autologous 
bone  marrow  rescue,  as  an  alternative  to  conventional  therapy.  Phase  3 studies  have 
indicated  that  two-year  disease-free  survival  approximates  45  % in  Stage  D patients,  using 
this  approach  (Graham-Pole  et  al,  1991).  New  protocols  for  the  two  major  study  groups 
(POG  and  the  Children’s  Cancer  Study  Group  [CCSG])  are  being  evaluated  to  modify 
the  induction  and  consolidation  chemotherapy  in  order  to  further  improve  outcome. 
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6. 1.1.4  Mechanism  of  Relapse 

Although  autologous  bone  marrow  transplantation  (ABMT)  may  offer  advantages  over 
conventional  chemotherapy,  the  major  cause  of  treatment  failure  in  neuroblastoma 
remains  relapse  or  disease  progression.  When  ABMT  is  used  for  solid  tumors,  relapse 
generally  occurs  at  the  site  of  the  original  disease,  implying  that  supra-lethal 
chemo-radiotherapy  has  not  eradicated  the  primary  tumor,  or  that  the  disease 
preferentially  reseeds  to  the  site  of  the  primary. 

The  mechanism  of  relapse  following  ABMT  is  less  clear  for  malignancies  such  as 
neuroblastoma  which  often  involve  the  bone  marrow  (Moss  et  al,  1991).  Two 
mechanisms  have  been  proposed.  The  first  is  based  on  the  observation  that  relapse  is 
more  frequent  in  patients  who  have  received  autologous,  as  opposed  to  allogeneic 
transplants.  It  is  thought  that  alloreactive  T lymphocytes  present  in  the  allogeneic  bone 
marrow  play  a major  role  in  eradicating  residual  tumor  cells  in  the  recipient.  Since  these 
cells  are  absent  in  autologous  marrow,  the  higher  relapse  rate  in  ABMT  patients  may  be 
due  to  the  absence  of  this  antitumor  lymphocytic  response. 

An  alternative  explanation  is  that,  even  though  the  autologous  marrow  is  harvested  when 
the  patient  is  in  clinical  remission,  it  nonetheless  contains  residual  malignant  cells. 
Disease  relapse  may  originate  from  these  cells.  Three  reports  attribute  fatal  pulmonary 
relapse  following  ABMT  with  unpurged  marrow  to  the  presence  of  neuroblastoma  cells 
in  the  graft  (Glorieux  et  al,  1986;  Graeve  et  al,  1988). 

The  introduction  of  immunocytological  testing,  which  can  detect  1 tumor  cell  among 
100,000  hematopoietic  cells,  has  greatly  improved  the  sensitivity  of  detecting  marrow 
involvement  (Moss  et  al,  1991).  Using  this  method  an  additional  15-20%  of  patients  are 
found  to  have  marrow  disease  at  diagnosis,  and  40-50%  are  positive  for  tumor 
involvement  after  induction  therapy  for  marrow  harvest  (Moss  et  al,  1991).  The  clinical 
significance  of  these  persistent  tumor  cells  has  not  yet  been  determined.  However,  it  is 
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likely  that  residual  cells  in  both  the  recipient  and  the  graft  contribute  to  relapse,  although 
the  relative  contribution  of  each  is  still  unknown. 

6. 1 . 1 .5  Rationale  For  Therapy 

Concern  over  the  demonstrated  high  incidence  of  marrow  involvement  in  neuroblastoma, 
combined  with  the  difficulty  in  achieving  complete  remission  prior  to  bone  marrow 
harvest  and  ABMT,  have  lead  both  the  POG  and  CCSG  to  incorporate  ex  vivo  bone 
marrow  purging  into  their  clinical  protocols.  The  method  of  choice  is  immunomagnetic 
purging,  in  which  the  neuroblastoma  cells  are  identified  using  a panel  of  monoclonal 
tumor-directed  antibodies  which  are  then  eliminated  by  attachment  to  paramagnetic 
microspheres,  and  passage  of  the  marrow  through  a magnetic  field.  This  method  is 
capable  of  removing  3-4  logs  of  neuroblastoma  cells  in  preclinical  studies  (Moss  et  al, 
1992). 

Demonstration  of  this  in  clinical  studies  has  to  date  not  been  possible  due  to  the  usually 
low  infiltration  of  tumor  cells  into  bone  marrow  and  the  limited  sensitivity  of  detection 
methods  (Moss  et  al,  1991).  The  number  of  patients  available  for  study  each  year  is  less 
than  100,  and  it  has  been  determined  that  a prospective  randomized  study  to  detect  the 
clinical  efficacy  of  purging  would  take  more  than  two  decades  to  complete.  Clinicians 
have  also  indicated  that  they  would  be  unwilling  to  undertake  such  a study  for  ethical 
reasons.  They  feel  that  it  is  unacceptable  to  return  tumor  cells  to  the  patient,  if  there 
exists  a method  for  their  removal,  which  does  not  add  significant  risk  or  toxicity  to  the 
transplant  procedure.  For  these  reasons,  a Phase  2,  multicenter,  uncontrolled  study  is 
proposed  to  evaluate  safety  and  efficacy. 

The  proposed  study  will  be  a Phase  2 clinical  study.  Previous  studies  performed  on 
greater  than  150  neuroblastoma  patients  have  established  the  safety  of  bone  marrow 
purging  in  autologous  transplantation  (See  Section  9).  Further,  many  of  these  studies 
employed  magnetic  microspheres  and  antibodies  identical  to  or  comparable  to  those 
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described  herein.  We  will  rely  on  these  extensive  previous  data  as  well  as  preclinical 
studies  in  model  systems  for  establishment  of  appropriate  antibody  concentrations  and 
bead/cell  ratios  for  the  purging  procedure.  Thus,  safety  and  dosing  studies  for  the  use 
of  magnetic  microspheres  and  monoclonal  antibodies  in  the  clinical  trials  will  not  be 
addressed  here.  Our  studies  are  intended  to  (1)  determine  whether  gene  marking  is  a 
safe  and  appropriate  tool  to  evaluate  efficacy  of  purging  and,  if  so,  (2)  to  use  gene 
marking  to  provide  information  about  the  source  of  relapse,  and  the  efficacy  of  purging 
in  neuroblastoma  patients  undergoing  autologous  bone  marrow  transplantation.  The 
detailed  objectives  and  methods  of  analysis  are  discussed  further  below. 

The  following  trial  will  use  gene  marking  of  tumor  cells  to  monitor  the  contribution  of 
reinfused  bone  marrow  (purged  and  unpurged)  to  relapse  in  neuroblastoma  patients.  The 
proposal  is  to  transduce  neomycin  resistance  marker  genes,  contained  in  two  closely 
related  but  distinguishable  vectors,  into  two  aliquots  of  marrow  obtained  for  ABMT. 
One  aliquot  of  marked  marrow  will  be  immunomagnetically  purged  using  the  Baxter 
Neuroblastoma  Bone  Marrow  Purging  System.  This  will  be  mixed  with  the  second 
marked,  unpurged  aliquot  and  reinfused  into  the  patient. 

Recent  reports  have  demonstrated  that  immunocytological  analysis  is  a highly  sensitive 
technique  for  the  detection  of  neuroblastoma  infiltration  of  bone  marrow.  This  assay, 
in  combination  with  a newly  developed  assay  for  clonogenic  neuroblastoma  cells,  will 
be  used  to  quantitate  tumor  contamination  pre-  and  post-purging,  and  at  relapse. 
Clonogenic  tumor  cells  can  then  be  cultured,  their  identity  confirmed  by 
immunoperoxidase  staining,  and  the  presence  of  the  marker  genes  detected  by  PCR 
analysis  (Part  3 of  Appendix  C).  The  number  of  marked  progenitor  cells  contributing 
to  the  relapse  will  be  estimated  and  the  ratio  of  malignant  cells  marked  with  each  vector 
will  be  calculated.  As  each  patient  would  act  as  their  own  control,  analysis  should  be 
independent  of  other  variables,  such  as  chemotherapy  regimen. 

This  combination  of  assays  will  therefore  provide  (i)  quantitative  data  on  the  removal  of 
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neuroblastoma  cells  by  ex  vivo  immunomagnetic  purging;  (ii)  sensitive  detection  of 
relapse  in  transplanted  patients;  (iii)  information  on  the  source  of  the  relapse;  (iv)  Hata 
indicating  the  potential  clinical  benefit  of  bone  marrow  purging. 

6.1.2  OBJECTIVES 

The  proposed  trial  is  a Phase  2 study  that  is  intended  to  be  used  as  a basis  for  the  design 
of  efficacy  parameters  for  further  Phase  3 studies.  The  following  objectives  will  likely 
not  be  statistically  validated  by  the  proposed  number  of  patients  to  be  entered  on  this 
Phase  2 study.  However,  the  outcome  of  the  Phase  2 study  will  allow  us  to  determine 
if  the  methods  proposed  here  are  useful  for  addressing  these  objectives  in  a Phase  3 study 
and  to  determine  the  number  of  patients  that  will  be  required  to  statistically  validate  the 
endpoints. 

The  objectives  of  the  study  are: 

(1)  to  demonstrate  the  safety  of  the  Neuroblastoma  Bone  Marrow  Purging 
System  for  in  vitro  purging  of  bone  marrow, 

(2)  to  demonstrate  the  clinical  safety  of  the  proposed  gene  marking  and  in 
vitro  purging  methods  for  evaluating  the  efficacy  of  purging, 

(3)  to  demonstrate  the  performance  of  the  Neuroblastoma  Bone  Marrow 
Purging  System, 

(4)  to  demonstrate  the  utility  of  gene  marking  for  assessing  the  efficacy  of 
purging, 

(5)  to  demonstrate  the  potential  clinical  benefit  of  bone  marrow  purging,  and 

(6)  to  obtain  data  that  will  allow  the  design  of  additional  studies  to  statistically 
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validate  the  safety  and  efficacy  of  the  Neuroblastoma  Bone  Marrow 
Purging  System  for  the  removal  of  neuroblastoma  cells  from  autologous 
bone  marrow  prior  to  transplantation. 

Safety  End  Points: 

(1)  The  safety  of  the  Neuroblastoma  Bone  Marrow  Purging  System  for  in 
vitro  purging  of  bone  marrow  will  be  demonstrated  by  the  sterility  and 
viability  of  the  cells  for  transplant  following  purging  with  the  proposed 
device. 

(2)  The  clinical  safety  of  the  proposed  methods  will  be  assessed  by 
demonstrating  that  the  proposed  manipulation  of  the  cells  for 
transplantation  (gene  marking  and  purging)  results  in: 

(i)  no  toxic  side  effects.  The  vectors  to  be  used  in  this  study  for  gene 
marking  are  currently  in  clinical  trials,  and  in  extensive  prior 
primate  testing  have  not  been  associated  with  any  adverse  effect. 
A detailed  discussion  of  the  safety  considerations  associated  with 
gene  marking  can  be  found  in  Appendix  D. 

(ii)  no  signicant  delay  to  marrow  recovery  (^500  ANC*//xL). 
Extensive  prior  studies  of  immunomagnetic  purging  for  autologous 
bone  marrow  transplantation  have  demonstrated  the  overall  safety 
of  this  approach.  In  addition,  in  a group  of  nine  patients  who  have 
received  gene-marked  marrow,  no  delay  in  hematologic  recovery 
has  been  observed  (Malcolm  Brenner,  personal  communication). 
It  is  reasonable  to  assume  that  the  time  to  marrow  recovery  will, 
at  worst,  be  similar  to  that  of  patients  treated  with  autologous, 
purged  bone  marrow.  From  calculations  based  on  the  POG 
purging  study  (Graham-Pole  et  al,  1991),  we  would  therefore 
expect  the  average  time  to  recovery  to  be  <43  days.  Because 

* absolute  neutrophil  count 


[456] 


Recombinant  DNA  Research,  Volume  16 


Pre-IDE  Submission:  Clinical  Protocol 
Neuroblastoma  Bone  Marrow  Purging  System 

BAXTER  HEALTHCARE  CORPORATION,  HYLAND  DIVISION 

patients  in  this  study  will  receive  unpurged  as  well  as  purged 
marrow,  and  because  most  or  all  patients  will  receive  growth 
factors,  it  is  likely  that  our  average  time  to  marrow  recovery  will 
be  less  than  43  days.  Due  to  the  small  sample  size,  however,  it 
is  likely  that  statistical  comparisons  will  not  be  informative. 

Efficacy  End  Points: 

(3)  As  indicated  previously,  preclinical  studies  have  established  the 
ability  of  immunomagnetic  purging  to  remove  3-4  logs  of  tumor 
cells  from  mononuclear  cell  suspensions.  In  the  clinical  setting, 
the  administration  of  a bone  marrow  graft  containing  1 x 108 
nucleated  cells  per  kg  body  weight  for  a 60  kg  individual  would 
involve  6 x 109  nucleated  cells.  In  order  to  demonstrate  a 3 log 
reduction  of  tumor  cells  with  the  most  sensitive  assay  currently 
available  (by  immunocytology,  1 tumor  cell  in  100,000  bone 
marrow  cells),  the  above  graft  would  have  to  be  contaminated  with 
a minimum  of  6 x 107  tumor  cells.  Although  a proportion  of 
harvested  marrows  is  expected  to  be  positive  by  immunocytology 
following  induction  therapy  (30-40%  of  new  patients  and  about 
80%  of  relapse  patients),  the  level  of  infiltration  is  normally 
significantly  below  the  levels  indicated  above.  Due  to  this  usually 
low  infiltration  of  tumor  cells  into  bone  marrow  following 
induction  therapy,  as  well  as  the  intent  to  render  patients  negative 
by  routine  histology  prior  to  transplantation,  statistical  validation 
of  device  performance  (removal  of  3-3.5  logs  of  tumor  cells)  is  not 
possible  with  the  current  sensitivity  of  tumor  cell  detection. 

In  those  marrows  negative  by  routine  histology,  but  positive  by 
immunocytology,  performance  of  the  device  will  be  demonstrated 
by  removal  of  tumor  cells  to  undetectable  levels  at  the  sensitivity 
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of  the  immunocytologic  assay.  Because  of  the  sample  size  in  the 
proposed  Phase  2 study  (12  patients),  the  likelihood  that  the  Phase 
2 data  will  be  statistically  definitive  data  is  small.  It  would  require 
demonstration  in  25  purged  marrows  of  the  absence  of  detectable 
tumor  cells,  at  a sensitivity  of  1 tumor  cell  in  100,000  bone 
marrow  cells,  to  be  95  % confident  that  one  would  be  at  or  below 
the  detection  limit  in  at  least  88  % of  patients. 

(4)  The  ability  to  detect  marked  neuroblastoma  cells  at  relapse  will 
establish  the  utility  of  gene  marking  for  assessing  the  efficacy  of 
purging. 

(5)  The  detection  of  marked  neuroblastoma  cells  at  relapse  will 
indicate  that  transfused  marrow  does,  in  fact,  contribute  to 
neuroblastoma  relapse  and  therefore,  that  tumor  cell  removal  is  of 
potential  clinical  benefit. 

(6)  The  data  obtained  from  analysis  of  the  marked  neuroblasts  from 
relapse  marrow  will  allow  the  estimation  of  the  number  of  patients 
that  would  be  required  to  validate  the  clinical  benefit  of  purging, 
and  facilitate  the  design  of  such  studies. 
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6.1.3  STUDY  DESIGN 

These  studies  will  provide  safety  and  efficacy  data  to  evaluate  the  Neuroblastoma  Bone 
Marrow  Purging  System  in  the  treatment  of  neuroblastoma  patients  undergoing 
autologous  bone  marrow  transplantation.  It  will  be  a multicenter,  uncontrolled  trial  with 
a total  of  12  patients.  The  expectation  is  to  accrue  10-12  patients  per  year  among  the 
participating  institutions.  The  study  will  be  closed  for  entry  after  12  patients  have  been 
entered  and  will  be  evaluated  24  months  after  the  last  patient  is  transplanted.  Patients 
will  be  Stage  D neuroblastoma  patients  in  first  or  second  marrow  remission  by  routine 
histology. 

The  intent  of  the  Neuroblastoma  Bone  Marrow  Purging  System  is  to  remove 
neuroblastoma  cells  from  bone  marrow  that  is  to  be  used  for  autologous  rescue  following 
high  dose  chemotherapy.  Gene  marking  of  tumor  cells  will  be  used  to  demonstrate  the 
clinical  benefit  of  purging  in  neuroblastoma  (see  Section  6. 1.5.3).  The  proposal  is  to 
transduce  neomycin  resistance  marker  genes,  contained  in  two  closely  related  vectors, 
into  two  aliquots  of  marrow  obtained  for  ABMT  as  treatment  for  advanced 
neuroblastoma.  A third  aliquot  will  remain  unmarked  to  be  used  for  transplantation 
should  the  marked  marrow  fail  to  engraft. 

Marrow  will  be  harvested  and  then  undergo  transduction  and  immunomagnetic  purging. 
Immunocytological  assays  will  be  used  to  quantitate  tumor  contamination  pre  and  post 
purging.  A bone  marrow  aspirate  and  biopsy  will  be  performed  prior  to  harvest  to 
ensure  that  the  marrow  is  free  of  tumor  involvement  by  routine  histology.  Post  ABMT 
daily  complete  blood  counts,  differential  counts  and  platelet  counts  will  be  performed 
until  the  patient  is  self-sustaining.  The  number  of  days  to  achieve  sustained  engraftment 
will  be  recorded. 

If  relapse  occurs,  the  neuroblastoma  cells  will  be  separated  from  the  marrow  by  flow 
cytometric  cell  sorting  of  cells  that  are  negatively  stained  for  the  CD34  and  CD45 
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antigens  (detecting  marrow  progenitor  cells  and  leukocytes,  respectively),  and  positively 
stained  with  the  UJ13A  monoclonal  antibody  (directed  against  the  neural  cell  adhesion 
antigen  found  on  neuroblastoma  cells).  The  polymerase  chain  reaction  (PCR)  and 
restriction  fragment  length  polymorphism  assays  (RFLP)  will  be  used  to  determine 
whether  the  sorted  cells  contain  the  marker  genes,  and  whether  both  markers  are  present. 
Samples  of  marrow  will  also  be  grown  in  clonogenic  assays  and  neuroblast  colonies 
analyzed  for  the  presence  and  frequency  of  each  marker  gene,  to  determine  the 
clonogenic  potential  of  the  marked  cells.  (For  details  of  methods,  see  Appendix  C.  The 
RFLP  assays  will  be  available  for  inclusion  into  the  IDE  document.) 

Based  on  a marrow  relapse  rate  of  60%  in  the  first  year  following  transplantation 
(Anderson  et  al,  1991),  24  months  of  monitoring  should  allow  us  to  obtain  information 
regarding  the  safety  of  the  device  and  the  treatment  plan,  as  well  as  the  utility  of  gene 
marking  for  assessment  of  the  efficacy  of  purging. 

6.1.4  PATIENT  ELIGIBILITY 

6. 1 .4. 1 Inclusion  Criteria 

1 . Male  or  female,  age  ^ 1 year 

2.  Less  than  21  years  of  age  at  initial  diagnosis 

3.  Stage  D neuroblastoma  in  first  or  second  marrow  remission  as  evaluated  by 
routine  histology  (see  Appendix  A for  definition  of  stages  and  disease  response 
criteria). 

4.  Adequate  performance  status  (Kamofsky  greater  than  70%)  (See  Section  6.4) 
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5.  Laboratory  parameters: 

a)  Renal  function:  creatinine  < twice  normal  for  age 

b)  Cardiac  function:  ejection  fraction  > 35  % on  echocardiography 

c)  Hepatic  function:  SGOT  or  SGPT  <3x  normal,  bilirubin  < 1.5mg/dl 

6.  Autologous  marrow  without  histologic  evidence  of  tumor  involvement  available 
for  reinfusion. 

7.  Written  informed  consent  (Section  6.3.9)  conforming  to  institutional  guidelines 
obtained  from  patient  and/or  parent  or  guardian. 

6. 1.4.2  Exclusion  criteria 

1 . Serious  localized  or  systemic  infection 

2.  HIV  positivity 

3.  < 2.5  x 108/kg  marrow  mononuclear  cells  obtained  at  harvest  excludes  the 
patient  from  the  gene  transduction  study*. 

* To  ensure  that  sufficient  aliquots  of  marrow  can  be  removed  for  transduction  without 

potentially  compromising  the  rate  of  hematological  engraftment,  the  minimum  quantity  of 
marrow  mononuclear  cells  to  be  obtained  at  harvest  will  be  raised  above  the  minimum  value 
used  in  most  neuroblastoma  protocols.  Should  this  safety  margin  not  be  attainable,  the 
patient  will  be  ineligible  for  the  transduction  study. 


6.1.5  STUDY  CONDUCT 

6. 1 .5. 1 Description  of  Neuroblastoma  Bone  Marrow  Purging  System 
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The  neuroblastoma  bone  marrow  purging  system  is  comprised  of  the  following 
components: 

(a)  Solutions  of  monoclonal  antibodies  directed  against  cell  surface  antigens  found 
on  neuroblastoma  cells.  The  hybridoma  lines  were  developed  under  the  direction 
of  Dr.  John  Kemshead  at  the  Imperial  Cancer  Research  Foundation  (ICRF) 
laboratories  in  London  England.  This  group  of  antibodies  was  chosen  so  as  to 
cover  the  majority  of  variants  of  antigens  found  on  clinical  neuroblastoma 
isolates. 

(b)  A device  for  separating  paramagnetic  microspheres  from  marrow  suspensions 
(the  MaxSep™  Magnetic  Cell  Separator)  and  the  magnetic  cell  separator  fluid  path 
disposable  set.  The  MaxSep™  device  consists  of  two  separate  permanent  magnets 
and  a programmable  roller  pump.  The  larger  primary  magnet  performs  the 
primary  separation  of  targeted  tumor  cells  from  marrow,  while  the  smaller 
magnet  is  used  to  retain  any  residual  microspheres  that  escape  capture  by  the 
primary  magnet.  The  associated  disposables  comprise  a sterile  biocompatible 
fluid  path  for  the  manipulation  of  the  marrow. 

(c)  Paramagnetic  microspheres  coated  with  sheep  anti-murine  antibody 
(Dynabeads  M-450  sheep  anti-mouse)  The  antibody  coated  microspheres  bind 
all  classes  of  murine  immunoglobulin  and  provide  the  mechanism  for  targeting  the 
antibody  coated  cells  for  removal. 

(Refer  to  Section  3.2  of  the  pre-IDE  document  for  further  details.) 

6. 1.5.2  Rationale  for  Using  Gene  Markers 

Because  autologous  bone  marrow  cells  are  phenotypically  and  genetically  identical  to  the 
cells  in  the  recipient,  it  is  not  possible  to  determine  the  source  of  disease  relapse 
following  ABMT,  and  to  demonstrate  the  clinical  efficacy  of  ex  vivo  purging  procedures. 
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The  availability  of  transduction  procedures  that  are  able  to  mark  neuroblastoma  cells  in 
the  harvested  bone  marrow  will  facilitate  addressing  these  issues. 

Retroviral  vectors  have  been  successfully  used  to  mark  malignant  cells  and  cell  lines  in 
man.  In  rodent  models,  marked  malignant  cells  have  re-established  the  disease.  If 
residual  cells  in  the  harvested  bone  marrow  could  be  marked,  it  would  be  possible  to 
determine  whether  the  malignant  cells  detected  at  relapse  were  derived  from  the  infused 
graft,  and  whether  an  ex  vivo  purging  procedure  would  either  minimize  or  eliminate  such 
a possibility. 

This  approach  appears  to  be  feasible  for  neuroblastoma  since  in  vitro  studies  on  human 
neuroblastoma  cell  lines  have  shown  that  these  tumor  cells  can  be  transduced  with  an 
efficiency  of  5-30%,  and  that  fresh  clonogenic  tumor  cells  can.be  transduced  with  an 
efficiency  of  approximately  l%-3%  (Santana  et  al,  1991). 

6. 1 .5.3  Description  of  Transduction  Vectors 

The  vectors  to  be  used  in  the  transduction  studies  are  the  helper-free  LNL-6  retrovirus 
and  its  derivative  GINa,  which  differs  from  LNL-6  by  virtue  of  a deleted  retroviral 
promoter  sequence.  This  change  allows  different  PCR  primers  to  be  used  to  produce  a 
different  sized  fragment  on  PCR  analysis.  Both  vectors  have  been  extensively  studied 
in  rodent  models  and  in  non-human  primates;  no  testing  has  been  assocated  with  any 
adverse  effect.  They  are  currently  in  use  in  clinical  trials  (IND  #3042)  which,  to  date, 
have  not  shown  side  effects.  The  safety  considerations  for  the  transduction  vectors  are 
located  in  Appendix  D. 

6. 1.5.4  Marrow  Harvesting  and  Manipulation 

Marrow  Harvesting.  Transportation  and  Nucleated  Cell  Enrichment 

Marrow  may  be  harvested  at  any  of  the  participating  institutions  and  shipped  to  St.  Jude 
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Children’s  Research  Hospital  for  transduction  and  purging.  Conditions  used  for 
transportation  of  harvested  and  frozen  purged  marrows  have  been  described  previously 
(Janssen  et  al,  1991).  Alternatively,  the  patient  may  be  admitted  to  St.  Jude  for 
harvesting  as  well  as  transduction  and  purging. 

Patients  will  have  marrow  harvested  under  general  anesthesia  using  aseptic  technique. 
Multiple  aspirates  will  be  obtained  from  the  posterior  and  anterior  iliac  crests  into 
heparinized  syringes,  and  pooled  in  heparinized  tissue  culture  medium.  A volume  of 
bone  marrow  and  blood  will  be  aspirated  sufficient  to  provide  >2.5x10*  nucleated  cells 
per  kilogram  of  body  weight.  The  specimen  will  be  filtered  through  different  size 
meshes  to  remove  bony  particles  and  aliquots  will  be  obtained  for  in  vitro  laboratory 
studies.  A marrow  mononuclear  cell  fraction  will  be  obtained  using  an  automated  cell 
separator  as  described  in  Appendix  C.  One  third  of  the  pooled  bone  marrow  cells  will 
be  cryopreserved  without  further  manipulation,  and  stored  for  rescue  of  the  patient, 
should  the  remaining  marrow  fail  to  engraft.  The  remaining  two  thirds  of  the  marrow 
cells  will  be  used  for  transduction.  A flow  Chart  illustrating  the  gene  marking  and 
purging  procedures  is  shown  in  Figure  6. 1.5.4. 

Vector  Transduction 

Two  thirds  (67  %)  of  the  mononuclear  cells  will  be  used  for  cell-free  vector  transduction. 
One  half  of  this  will  be  transduced  with  LNL6  and  one  half  with  GINa.  In  each  patient, 
one  of  the  marked  aliquots  will  be  selected  for  subsequent  immunomagnetic  purging. 
The  transduced  aliquots  will  then  be  processed  and  cryopreserved  using  standard 
techniques.  The  patients  will  be  treated  with  chemo-radiotherapy,  following  the  protocol 
at  the  participating  institution,  and  reinfused  with  the  pooled  transduced  marrow.  Should 
engraftment  (ANC  > 50C//xL)  not  occur  within  43  days  post-transplant,  the  patient  will 
receive  the  backup  marrow  aliquot  (unmarked)  at  the  discretion  of  the  attending  physician 
in  consultation  with  the  principal  investigator. 

Cell-free  vector  transduction  will  be  performed  as  described  in  Appendix  C. 
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FIGURE  6.1.5.4 


Flow  Chart  for  Gene  Marking  and  Purging 
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Immunomagnetic  Purging  Procedure 

All  procedures  will  be  performed  using  aseptic  technique.  One  half  of  the  marked 
mononuclear  marrow  cell  preparation  corresponding  to  a single  vector  will  be 
resuspended  in  20-50  ml  (minimum  safe  volume)  of  sterile  normal  saline  for  infusion 
containing  10%  v/v  autologous  plasma  or  albumin.  To  this  suspension  is  added  1 mg 
each  of  anti-neuroblastoma  monoclonal  antibodies  UJ13A,  5.1H11,  M3 40,  127.11  and 
THY1.  The  cells  are  incubated  with  the  antibodies  for  30  minutes  at  4°C,  with  mixing 
by  gentle  swirling  every  ten  minutes.  Following  incubation,  the  volume  of  the  cell 
suspension  is  increased  to  approximately  200ml  by  addition  of  cold  (4°C)  buffer.  The 
cells  are  pelleted  by  centrifugation  at  250g  for  8 minutes  at  4°C.  The  supernatant  buffer 
is  aspirated,  and  the  washing  procedure  repeated  until  the  cells  have  been  washed  a total 
of  four  times.  The  final  cell  pellet  is  resuspended  by  gentle  swirling  in  50-55ml  of  cold 
(4°C)  buffer. 

During  the  incubation  of  marrow  cells  with  the  antibodies,  the  Dynabeads®  M-450  Sheep 
Anti-Mouse  IgG  ST  (Baxter  Code  4R5451)  are  prepared.  The  number  of  beads  required 
is  equal  to  the  total  number  of  nucleated  cells  being  processed  and  is  calculated  from  the 
following  formula: 

Vol.  of  beads  to  be  added  in  ml  3 Number  of  nucleated  cells 

Bead  Concentration  (beads/ mL)* 


This  volume  is  aseptically  removed  from  the  vial  and  transferred  to  a 50ml  polypropylene 
tube.  Fifteen  milliliters  of  buffer  is  then  added  to  the  bead  suspension,  and  the  beads 
collected  by  placing  the  tube  into  the  MPC-1  magnetic  separator  (Baxter  Code  4R4513) 
for  3 minutes.  The  supernatant  buffer  is  aspirated  and  discarded,  the  tube  removed  from 
the  separator,  an<i  the  washing  procedure  repeated  twice  more.  The  final  bead  pellet  is 
resuspended  in  15  ml  of  buffer. 

* The  Dynabeads™  are  supplied  by  the  manufacturer  in  a solution  which  contains  0.02%  sodium  azide  as  a 
preservative.  Prior  to  use  in  toxicology  studies,  this  solution  is  discarded  and  the  beads  are  rinsed  three  times 
in  the  appropriate  vehicle.  The  amount  of  residual  azide  after  the  third  wash  is  calculated  to  be  £250  pg/mL. 
According  to  RTECS,  there  is  no  known  bioreactivity  of  sodium  azide  at  the  picogram  level.  (Study  No.  92002- 
PT-011) 
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The  washed  beads  are  added  to  the  washed  marrow  cells  in  a total  volume  of 
approximately  80  ml  in  a one  liter  Baxter  Lifecell™  flask  (Code  4R2110).  The  mixture 
is  incubated  with  slow  (4  rpm)  end-over-end  rotation  (using  a laboratory  rotator  - Cole 
Parmer  Rototorque)  at  4°C  for  30  minutes.  The  volume  is  then  increased  to  200  ml  with 
buffer.  After  mixing  by  gentle  swirling,  the  flask  is  placed  in  a plasma  expressor  (Baxter 
Code  4R44140)  and  all  air  is  withdrawn  using  a needle  and  syringe.  The  flask  is  then 
attached  to  the  pre-primed  tubing  set  on  the  MaxSep™  magnetic  separator.  The  marrow 
is  processed  through  the  separator  at  a flow  rate  of  10  ml/minute  using  a primary  magnet 
angle  of  45°.  The  effluent  cells  are  collected  into  a one  liter  Lifecell  flask  placed  on 
i crushed  ice.  Detailed  instructions  for  use  of  the  MaxSep"*  are  given  in  Appendix  C. 

6. 1 .5 .5  Storage  and  Administation 

Immunomagnetically-purged  marrow  will  be  cryopreserved  with  10%  dimethyl  sulfoxide 
(DMS0)  and  stored  in  the  liquid  phase  of  liquid  nitrogen.  Marrows  from  referring 
institutions  will  be  returned  in  a commercially  available  dry  shipper.  Marrows  will  be 
thawed  and  reinfused  according  to  the  clinical  protocols  in  place  at  participating 
institutions  (see  Section  6.3.9). 

6.1.6  DATA  COLLECTION 

The  following  data  pertinent  to  this  study  will  be  reviewed.  (Hospital  charts  and  lab 
notebooks  will  also  be  available  as  needed.) 

Clinical  Assessment 

a)  Flow  sheets  documenting  dates  and  doses  of  therapy  is  well  as  clinical 
chemistries,  hematologic  parameters,  the  clinical  status  and  occurrence  of  any 
adverse  events  and  subsequent  interventions 

b)  Surgical  summaries 

c)  Date  of  entry  to  other  appended  protocols 
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d)  Autopsy  summaries,  where  appropriate 

e)  Informed  consent  documents 

Laboratory  Assessment 

All  hematologic,  histologic,  immunologic,  clonogenic,  and  marker  gene  assessments  of 
bone  marrow  aspirates  and  biopsies  performed  preharvest,  at  harvest,  and  within  24 
months  following  transplandon. 

6.1.7  STUDY  PROCEDURES 

In-patient  and  out-patient  procedures  will  be  based  on  the  participating  institution’s 
treatment  protocol  on  which  the  patient  is  entered. 

6.1.8  CLINICAL  AND  LABORATORY  PARAMETERS 
6. 1 . 8. 1 Clinical  Assessment 

Clinical  assessment  will  be  based  on  the  participating  institution’s  treatment  protocol  on 
which  the  patient  is  entered.  For  all  protocols,  these  will  include: 

Pre-harvest 

a)  BM  aspirate/biopsy 

b)  physical/performance  status 

c)  CBC  with  platelets,  differential 

d)  diagnostic  radiology 

e)  blood  chemistries 

f)  urine  analysis 

g)  coagulation  screen 

h)  microbiological  screen 
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Post-transplantation 

a)  physical  exam  as  per  regime 

b)  CBC  with  platelets  and  differential  daily  until  self  sustaining 

c)  blood  chemistries  as  per  regime 

d)  BM  aspirate  as  clinically  indicated  for  diagnosis  and  documentation  of  recovery, 
and  at  day  28-30,  at  day  60,  and  at  6 months  for  analysis  of  engraftment  and 
presence  of  neogene 

6. 1.8. 2 Laboratory  Assessment 

In  addition  to  the  above,  in  vitro  studies  which  directly  relate  to  evaluation  of  the 
purging/gene  marker  procedure  will  be  performed  as  outlined  below: 

In  Vitro  Marrow  Testing 

The  following  tests  will  be  performed  on  the  marrow  cell  suspension  immediately  before 
and  after  transduction  and  immediately  after  the  purging  procedure: 

i)  Total  nucleated  cell  count 

ii)  Immunofluorescent  staining  and  cell  sorting  for  detection  and  separation  of 
neuroblasts 

iii)  Immunocytologic  analysis  for  the  detection  of  neuroblasts 

iv)  Clonogenic  assay  for  neuroblasts  and  normal  progenitor  cells,  analysis  of 
clones  for  presence  of  the  marker 

v)  Sterility  evaluation  - aerobic  and  anaerobic  liquid  cultures  & blood  agar  plates. 

vi)  Nucleated  cell  viability  by  trypan  blue  exclusion 

vii)  Packed  cell  volume/Hematocrit* 


* To  be  performed  only  before  immunomagnetic  purging 
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Immunocytological  assays  (performed  at  Cedars  Sinai  Medical  Center,  Los  Angeles, 
California)  will  be  used  to  monitor  the  transplanted  patient  for  disease  relapse  as  well  as 
to  quantitate  neuroblastoma  cells  in  the  marrow  before  and  after  ex  vivo  immunomagnetic 
purging. 

Reverse  transcriptase,  S+L'  and  focus  forming  assays  will  be  performed  on  transduced 
purged  marrow  for  detection  of  retrovirus.  To  date,  no  marked  marrows  have  been 
positive  in  any  of  these  assays  (Malcolm  Brenner,  personal  communication). 

Bone  marrow  aspirates  will  be  performed  as  clinically  indicated  for  diagnosis  and 
documentation  of  marrow  recovery,  and  at  day  28  and  60  following  transplantation  for 
analysis  for  the  presence  of  the  neogene. 

Samples  will  also  be  set  up  in  neuroblastoma  colony  forming  assays  to  detect  the 
presence  of  clonogenic  tumor  cells  (performed  at  both  St  Jude  Children’s  Research 
Hospital  and  Cedars-Sinai  Medical  Center).  Colonies  will  be  phenotyped  to  confirm  that 
they  bear  neuroblastoma-associated  antigens.  Colonies  derived  from  marked  tumor  cells 
will  be  detected  by  PCR. 

Procedures  for  freezing,  transport,  and  thawing  of  bone  marrows  will  be  monitored  by 
testing  sterility,  viability  and  CFU  recovery  on  post-freeze  aliquots  at  St.  Jude  Children’s 
Research  Hospital  and  by  testing  the  same  parameters  at  the  participating  institution  on 
the  thawed  bone  marrow  immediately  before  infusion. 

Peripheral  blood  samples  may  be  taken  following  transplantation  at  the  discretion  of  the 
investigator  to  analyze  for  marker  gene  insertion  to  provide  information  about  the 
hematologic  reconstitution  following  autologous  bone  marrow  transplantation. 
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Data  collection  points  up  to  100  days  post  transplant  are  illustrated  in  Table  6. 1.8.2. 
Clinical  assessment  may  vary  somewhat  according  to  the  institutional  protocol  in  which 
the  patient  is  concurrently  participating.  At  a minimum,  patients  will  be  followed 
monthly  for  the  first  year,  biannually  for  2 years,  and  then  annually  for  up  to  14  years 
post  transplantation.  Long  term  follow-up  for  issues  related  to  the  safety  of  gene 
marking  will  be  the  responsibility  of  St.  Jude  Children’s  Hospital. 
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TABLE  6.1.8.2 


Required  Observations 
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6.2  DATA  ANALYSIS 

6.2. 1 STATISTICAL  CONSIDERATIONS  FOR  DETECTING  GENE  MARKERS 

The  transduction  efficiency  for  fresh  malignant  neuroblastoma  progenitor  ceils  by  LNL-6 
and  GINa  is  between  0.3%  and  3%  of  clonogenic  cells,  as  assessed  in  colony  assays  in 
G418  and  by  PCR.  At  present  there  is  no  way  of  determining  if  clonogenic  tumor  cells 
and  neuroblastoma  progenitor  cells  are  identical,  or  have  the  same  transduction 
efficiency.  In  the  following  examples,  the  transduction  efficiency  of  clonogenic  cells  and 
neuroblastoma  progenitor  cells  is  assumed  to  be  identical,  and  an  average  efficiency  of 
1 % is  used. 

If  NC  denotes  the  number  of  neuroblastoma  progenitor  cells  giving  rise  to  relapse  in  a 
specific  patient,  TE  the  transduction  efficiency  and  MT  the  proportion  of  the  marrow 
transduced,  (in  our  protocol,  50%  of  the  returned  marrow  will  have  been  exposed  to  one 
vector),  then  under  some  assumptions  the  number  of  marked  cells  in  a sample  of  size  NC 
is  binomially  distributed.  If  each  of  the  NC  progenitor  cells  were  examined,  the 
probability  of  identifying  at  least  one  marked  cell  (pj  is  given  by  the  expression:  pm  = 
1 -(1-Te  x MT)  NC.  pm  is  the  probability  that  the  progenitor  cells  giving  rise  to  a relapse 
include  at  least  one  marked  cell.  The  following  table  shows  values  of  pm  as  a function 
of  NC. 
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Table  6.2-1:  Relationship  between  the  number  of  neuroblastoma  progenitor  cells  giving 
rise  to  a relapse  and  the  probability  of  detecting  marked  tumor  cells  in  the  relapse. 


TExMT  = 0.005 


NC  - # of  Cells  Producing  Relapse 

Pa  = Probability  of  relapse  containing  marked  cells 

1 

0.005 

5 

0.025 

10 

0.049 

100 

0394 

1000 

0.993 

3000 

1.000 

Table  6.2-1  shows  that  if  the  relapse  in  a patient  arises  from  a single  progenitor  cell,  then 
the  probability  that  the  relapse  contains  a marked  cell  is  0.005.  Likewise,  if  10 
progenitor  cells  are  involved,  then  the  probability  that  the  relapse  contains  marked  cells 
is  .049. 

If  a cohort  of  N patients  with  an  assumed  relapse  rate  of  pr,  has  the  same  number  of 
progenitor  cells  (NC)  giving  rise  to  the  relapse,  then  the  probability  of  detecting  at  least 
one  marked  relapse  is  given  by: 

P = 1 - (1  - prpm)n 

Values  of  p for  a range  of  values  of  NC  and  N with  pr  = 0.6  and  TE  x MT  = 0.005 
are  shown  in  Table  6.2-2.  Also  given  is  the  expected  number  of  marked  relapses  in  the 
samples  of  size  N.  An  important  assumption  is  that  NC  is  the  same  for  all  patients. 

There  are  no  data  available  on  the  number  of  progenitor  cells  involved  in  neuroblastoma 
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relapse.  For  this  study  to  be  useful,  however,  polyclonal  relapse  is  required.  The 
marrow  relapse  rate  (pr)  in  patients  receiving  ABMT  for  advanced  (Stage  D) 
neuroblastoma  exceeds  60%  at  12  months  (Anderson  et  al,  1991).  If  this  rate  of  relapse 
is  assumed,  as  well  as  the  previous  assumptions  of  an  average  transduction  efficiency  of 
1%,  and  an  equal  number  of  cells  contributing  to  relapse  in  all  patients,  Table  6.2-2 
indicates  that  it  is  unlikely  that  marrow  relapse  from  ^ 10  progenitors  would  be  detected 
in  this  study  of  12  patients.  If,  however,  100  progenitors  give  rise  to  relapse,  then  there 
is  a 96%  probability  that  2-3  patient  relapses  with  marked  cells  would  be  detected,  and 
if  1000  progenitors,  then  a 100%  probability  that  several  marked  relapses  (7.15)  would 
be  detected,  and  so  on. 

Table  6.2-2:  Relationship  between  the  number  of  progenitor  cells  giving  rise  to  a 
relapse,  the  probability  of  detecting  a marked  relapse,  and  the  number  of  relapses  in  the 
study  cohort. 


pr  = 0.6  and  TE  x MT  = 0.005 


NC 

N=5 

Prob  (EXP) 

N=10 
Prob  (EXP) 

N=12 
Prob  (EXP) 

N=15 
Prob  (EXP) 

1 

0.015  (.015) 

0.030  (0.03) 

0.035  (0.04) 

0.044  (0.05) 

10 

0.138  (0.15) 

0.257  (0.29) 

0.300  (0.35) 

0.360  (0.44) 

100 

0.741  (1.18) 

0.933  (2.37) 

0.961  (2.84) 

0.983  (3.55) 

1000 

0.989  (2.98) 

1.000  (5.96) 

1.000  (7.15) 

1.000  (8.94) 

3000 

0.990  (3.00) 

1.000  (6.00) 

1.000  (7.20) 

1.000  (9.00) 

From  the  information  in  Table  6.2-1,  if  100  neuroblastoma  progenitor  cells  are  involved 
in  a relapse,  then  by  plating  100,000  neuroblastoma  progenitor  cells,  we  would  expect 
39,000  of  the  colonies  to  be  marked  (G418  resistant).  The  number  of  marked  progenitor 
cells  giving  rise  to  the  relapse  will  be  estimated.  Technical  considerations  limit  further 
PCR  analysis  to  400  marked  colonies,  which  will  be  selected  at  random.  In  each  of  the 


Recombinant  DNA  Research,  Volume  16 


Pre-IDE  Submission:  Clinical  Protocol 
Neuroblastoma  Bone  Marrow  Purging  System 

BAXTER  HEALTHCARE  CORPORATION,  HYLAND  DIVISION 

randomly  selected  400  colonies,  the  proportion  of  cells  originating  from  each  marker  will 
be  determined  by  PCR.  Each  relapse  containing  marked  cells  will  be  processed 
similarly,  and  the  proportion  of  cells  arising  from  the  purged  and  unpurged  aliquots  will 
be  determined.  Using  an  exact  Wilcoxon  signed  rank  test,  we  will  test  for  evidence  that 
unpurged  marrow  contributes  more  relapse  progenitor  cells  than  the  purged  marrow. 
This  study  would  have  low  power  for  detecting  differences,  but  could  contribute 
information  for  design  of  additional  studies  to  address  this  question. 

6.2.2  SAFETY/TOLERANCE 

6.2.2. 1 Safety  of  the  Ex  Vivo  Purging  Procedure 

The  safety  of  the  ex  vivo  purging  procedure  will  be  assessed  by  performing  the  following 
tests  immediately  before  and  immediately  after  the  purging  procedure: 

sterility  evaluation  - aerobic  and  anaerobic  liquid  cultures  & blood  agar  plates. 
Ex  vivo  purging  should  not  result  in  introduction  of  microbial  contaminants 
into  the  marrow. 

nucleated  cell  viability  by  trypan  blue  dye  exclusion.  Ex  vivo  manipulation  of 
the  marrow  should  not  reduce  nucleated  cell  viability  by  greater  than  20%. 

6.2.22  Safety  of  the  Treatment  Plan 

Safety  considerations  associated  with  the  gene  marking  procedure  are  discussed  in 
Appendix  D. 

The  safety  of  the  treatment  plan  will  be  assessed  by  evaluation  of  engraftment.  The 
number  of  days  to  achieve  sustained  engraftment  (ANC  > 500/ftl)  will  be  recorded. 


[476] 


Recombinant  DNA  Research,  Volume  16 


Pre-IDE  Submission:  Clinical  Protocol 

Neuroblastoma  Bone  Marrow  Purging  System 

BAXTER  HEALTHCARE  CORPORATION,  HYLAND  DIVISION 

Because  patients  in  this  study  will  receive  unpurged  marrow  as  well  as  purged  marrow 
and  because  most  or  all  will  receive  growth  factors,  it  is  likely  that  our  time  to  marrow 
recovery  will  be  better  than  43  days.  Due  to  the  small  sample  size,  however,  it  is  likely 
that  statistical  comparisons  will  not  be  informative. 

6.2.2.3  Toxicity 

Toxicity  will  be  monitored  and  graded  according  to  the  National  Cancer  Institute 
Common  Toxicity  Criteria  as  described  in  Appendix  B. 


6.2.3  EFFICACY 
6.2.3. 1 Device  Performance 

The  performance  of  the  device  will  be  measured  by  its  ability  to  remove  tumor  cells  from 
harvested,  marked  marrow.  The  following  tests  will  be  performed  on  the  marrow  cell 
suspensions  immediately  before  and  after  the  purging  procedure: 

immunofluorescent  staining  and  cell  sorting  for  detection  and  separation  of 
neuroblasts 

immunocytologic  analysis  for  the  detection  of  neuroblasts 

clonogenic  assay  for  neuroblasts  and  analysis  of  clones  by  PCR  for  presence 

of  the  marker 

where  possible,  clonogenic  assays  for  neuroblasts  and  analysis  for  the  presence 
of  markers  will  also  be  attempted  on  cells  removed  from  the  marrow  during 
the  purging  procedure  and  subsequently  recovered  from  the  beads 

As  indicated  in  Section  6. 1.2.2,  performance  of  the  device  will  be  established  by 
demonstrating  tumor  cell  removal  to  undetectable  levels  by  immunocytology  from 
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marrows  which  are  positive  by  immunocytology  before  purging.  As  indicated 
previously,  it  is  unlikely  that  infiltration  will  be  high  enough  to  show  3-3.5  logs  of  tumor 
removal  from  any  marrows,  and  unlikely  with  this  sample  size,  that  demonstration  of 
removal  to  undetectable  levels  in  immunocytologically  positive  marrows  will  provide  a 
statistically  adequate  basis  for  analysis.  There  are  not  enough  previous  data  from 
clonogenic  assays  to  predict  what  the  relationship  will  be  between  detection  of 
neuroblasts  by  immunocytology  and  clonogenic  assays. 

6. 2. 3. 2 Efficacy  of  Purging 

An  aliquot  of  marked  marrow  will  be  purged  and  mixed  with  a second  aliquot  of 
unpurged  marrow  in  which  the  tumor  cells  were  marked  with  a different  gene.  Both 
aliquots  will  be  used  for  autologous  transplantation.  If  relapse  occurs,  the  neuroblastoma 
cells  will  be  separated  from  the  marrow  by  flow  cytometric  cell  sorting  of  cells  that  are 
negatively  stained  for  the  CD34  and  CD45  antigens  (detecting  marrow  progenitor  cells 
and  leukocytes  respectively),  and  positively  stained  with  the  UJ13A  monoclonal  antibody 
(directed  against  the  neural  cell  adhesion  antigen  found  on  neuroblastoma  cells).  The 
polymerase  chain  reaction  (PCR)  and  restriction  fragment  length  polymorphism  assays 
(RFLP)  will  be  used  to  determine  whether  the  sorted  cells  contain  the  marker  genes,  and 
whether  both  markers  are  present.  Samples  of  marrow  will  also  be  grown  in  clonogenic 
assays  for  neuroblastoma  progenitors,  and  colonies  analyzed  for  the  presence  and 
frequency  of  each  marker  gene,  to  determine  the  contribution  of  the  purged  and  unpurged 
aliquots  to  relapse. 

There  are  no  data  available  on  the  number  of  progenitor  cells  involved  in  neuroblastoma 
relapse.  However,  based  on  statistical  considers  ions,  utility  of  gene  marking  to  assess 
the  contribution  of  transplanted  marrow  to  relapse  requires  that  relapses  be  polyclonal. 
As  indicated  in  Table  6.2-2,  if  only  one  cell  gives  rise  to  a relapse  then  the  liklihood  of 
detecting  marked  cells  is  negligible.  If  however,  100  or  more  cells  give  rise  to  a relapse, 
then  there  is  a high  probability  that  marked  cells  would  be  detected.  Thus  the  detection 
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of  marked  cells  is,  in  itself,  a strong  indication  that  relapses  are  polyclonal.  The 
proportion  of  cells  in  each  marked  relapse  arising  from  the  purged  and  unpurged  aliquots 
can  then  be  determined  using  the  described  methods.  Possible  outcomes  include: 

A.  No  marked  cells  detected  in  any  relapses  examined. 

B.  Marked  cells  detected. 

i)  relapse  with  all  cells  containing  a marker  gene  indicating  monoclonal 
relapse;  detection  of  this  event  would  be  unlikely  based  on  Table  6.2-1 

ii)  relapses  containing  both  marked  and  unmarked  cells  implying  a multiplicity 
of  cells  capable  of  inducing  relapse;  colonies  will  be  grown  and  analyzed 

a)  colonies  are  positive  for  both  vectors 

b)  colonies  contain  only  the  vector  used  in  the  unpurged  marrow 

Outcome  A may  be  explained  by  (1)  relapses  are  monoclonal  and  therefore  the 
probability  of  detecting  a marked  relapse  in  this  number  of  patients  is  extremely  small, 
(2)  bone  marrow  in  clinical  remission  does  not  contain  cells  that  contribute  to  subsequent 
marrow  relapse,  or  (3)  the  marking  procedure  does  not  perform  as  anticipated  (may 
involve  multiple  issues).  In  any  case,  the  conclusion  would  be  that  the  procedure,  as 
described  here,  is  not  a useful  tool  for  examination  of  the  contribution  of  transplanted 
marrow  to  relapse. 

Outcome  B implies  that  patients  receiving  marrow  harvested  in  clinical  remission  are 
receiving  malignant  cells  that  contribute  to  relapse,  and  therefore  that  purging  is,  in 
principle,  worthwhile. 

Outcome  i)  is,  as  indicated  above,  extremely  unlikely  to  be  detected,  but 
implies  that  gene  marking  would  not  be  a useful  tool  for  evaluating  the 
contribution  of  marrow  to  relapse,  since  unrealistically  large  numbers  of 
patients  would  be  required  to  assess  the  efficacy  of  purging. 
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Outcome  iia)  implies  that  the  purging  procedure  did  not  adequately  remove 
neuroblastoma  progenitor  cells.  Although  we  will  test  for  evidence  that 
unpurged  marrow  contributes  more  relapse  progenitor  cells  than  purged 
marrow  by  analysis  of  clonogenic  cells,  the  sample  size  will  probably  not 
allow  detection  of  a significant  difference.  This  outcome  implies  that  gene 
marking  could  be  used  to  address  this  question  and  the  data  will  be  useful  in 
the  design  of  further  studies. 

Outcome  iib)  indicates  that  purging  is  effective  and  further  improvements  in 
the  procedure  would  not  be  detectable  using  the  current  approach.  The  data 
would  allow  the  design  of  studies  to  validate  the  efficacy  of  purging.  For 
example,  if  only  markers  from  the  unpurged  aliquot  were  detected  in  14 
consecutive  marked  relapses,  and  assuming  that  (i)  no  markers  from  purged 
marrow  were  detected,  and  (ii)  all  technical  procedures  performed  as 
anticipated,  one  could  be  95  % confident  that  purging  would  be  effective  80% 
of  the  time  in  a comparable  patient  population.  The  Phase  2 studies  outlined 
here  would  allow  a calculation  of  the  number  of  patients  that  would  have  to 
be  entered  to  detect  14  marked  relapses. 


6.3  REGULATORY  OBLIGATIONS  OF  THE  INVESTIGATOR  AND 
SPONSOR 

6.3.1  CLINICAL  INVESTIGATORS  AND  INSTITUTIONS 

Baxter  Biotech  Group,  Immunotherapy  Division,  will  select  the  investigators)  on  the 
basis  of  their  expertise  in  the  field  of  oncology  and  in  the  care  and  treatment  of  patients 
with  cancer.  The  appropriateness  of  the  facility  to  conduct  a research  study  of  this 
nature,  and  the  patient  load  of  the  institution  with  which  the  investigator  is  affiliated  are 
also  considerations.  The  investigator  will: 
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* Select  all  patients  in  accordance  with  the  selection  criteria  outlined  in  Section 
6.1.4. 

* Ensure  that  current  FDA  cGCP  regulations  are  followed. 

* Treat  patients  as  described  in  this  research  protocol  until  such  time  as  the 
patient  leaves  the  study. 

* Obtain  Institutional  Review  Board  approval  for  the  protocol  and  informed 
consent  form  prior  to  beginning  the  study. 

* Complete  .all  case  report  forms,  review  for  accuracy  and  completeness,  and 
provide  the  original  clinical  report  forms  with  a clinical  summary  to  the 
Clinical  Monitor,  Baxter  Healthcare  Corporation,  Immunotherapy  Division. 

* Ensure  strict  adherence  to  the  protocol  with  regards  to  proper  collection  and 
documentation  of  the  required  data  and  required  laboratory  samples,  ensure 
that  the  product  is  kept  in  a secured  area,  and  ensure  that  all  enrolled  patients 
receive  and  sign  written  informed  consent  forms  prior  to  their  participation  in 
the  study. 

* Maintain  study  records  for  a period  of  2 years  after  market  approval  is 
received  or  2 years  after  clinical  and  product  development  are  discontinued  and 
the  FDA  notified. 

Principal  Investigators:  Victor  M.  Santana,  M.D.;  Malcolm  K.  Brenner,  M.B.,  Ph.D., 

F.R.C.P.,  M.R.C.  Path.;  James  Ihle,  Ph.D.;  St.  Jude  Children’s  Research  Hospital, 

Memphis,  TN 

Co-investigators:  Tom  Moss,  M.D.,  Cedars-Sinai  Hospital,  Los  Angeles,  CA. 
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6.3.2  CASE  REPORT  FORMS 

All  of  the  information  pertinent  to  the  necessary  observations  and  tests  (as  outlined  in 
Section  6.1.6  through  6.1.8)  will  be  logged  on  the  case  report  forms  provided  by  the 
sponsor.  All  forms  must  be  signed  and  dated  by  the  investigator  upon  completion, 
reviewed  for  completeness  and  accuracy  (according  to  the  protocol),  and  forwarded  to 
Immunotherapy  Division,  Santa  Ana,  California.  They  will  be  reviewed  by  the  Clinical 
Monitor  for  completeness  and  accuracy.  The  investigator  will  retain  a copy  of  each  form 
in  his  file  for  a period  of  not  less  than  two  years  after  submission  of  experimental  data 
to  the  Food  and  Drug  Administration  (as  required  by  Federal  regulations).  In  addition, 
the  clinical  investigator  will  keep  a master  file  which  lists  all  patients  participating  in  the 
study. 

6.3.3  SPONSOR 

The  sponsor  of  the  study  is  Baxter  Healthcare  Corporation,  Biotech  Group,  1710  Flower 
Avenue,  Duarte,  CA  91010.  The  sponsor  will: 

* Select  the  clinical  investigators  to  participate  in  the  study  in  a manner  which 
is  consistent  with  Federal  regulations. 

* Provide  the  clinical  investigators  performing  the  studies  with  all  investigational 
device  components  and  report  forms. 

* Keep  the  "Investigational  Product  Inventory"  and  "Case  Report  Log". 

* Maintain  a record  of  all  original  case  report  forms  with  provision  for 
preserving  patient  confidentiality. 

* Ensure  that  the  clinical  investigators  will  be  monitored  in  accordance  with 
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current  Federal  regulations. 

* Patient  progress  will  be  reported  to  the  Food  and  Drug  Administration  at  two- 

month  intervals  and  to  the  Institutional  Review  Board  after  the  first  five 
patients  have  been  transplanted. 

6.3.4  CLINICAL  RESEARCH  MONITOR 

A Clinical  Research  Monitor  designated  by  Baxter  Healthcare  Corporation, 
Immunotherapy  Division,  will  be  responsible  for  monitoring  the  clinical  study  in 
accordance  with  current  Federal  regulations. 

The  Monitor  will  visit  the  investigators  on  a regular  basis  to  assess  compliance  with  the 
study  protocol  and  overall  study  objectives  until  the  study  is  deemed  to  be  completed. 

6.3.5  PATIENTS 

Patients  will  be  selected  by  the  clinical  investigators  in  accordance  with  the  selection 
criteria  and  guidelines  set  out  in  Section  6.1.4. 

All  patients  meeting  the  criteria  set  forth  in  the  protocol  will  be  offered  the  opportunity 
to  participate  in  the  study.  No  selectivity  will  be  exercised  by  the  investigator  in  this 
regard  so  that  no  bias  is  introduced  from  this  source.  Candidate  patients  and/or  their 
legal  guardians  will  receive  a comprehensive  explanation  of  the  proposed  treatment 
including  the  nature  of  the  therapy,  alternate  therapies,  any  known  previously  exper- 
ienced adverse  reactions,  the  investigational  status  of  the  device,  and  the  other  factors 
which  are  part  of  obtaining  a proper  informed  consent.  All  patients  or  their  legal 
guardians  must  sign  an  informed  consent  form  before  entering  the  study. 
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6.3.6  MAINTENANCE  OF  CLINICAL  SUPPLY 

The  information  regarding  the  maintenance  of  the  clinical  supply  (the  receiving  and 
dispensing  record  for  the  new  investigational  product),  which  is  the  responsibility  of  the 
individual  investigator  or  hospital  pharmacist,  is  not  available  at  this  time.  This 
information  will  be  included  in  the  DDE  document. 

6.3.7  TERMINATION  FROM  THE  STUDY 

Once  the  patient  is  terminated  from  the  study,  the  termination  report  will  be  completed, 
listing  in  detail  the  reasons  for  termination.  One  of  the  following  conditions  should  be 
met: 

1.  Withdrawal  by  the  physician  for  clinical  reasons  not  related  to  treatment. 
(However,  the  Clinical  Monitor  should  be  notified  before  any  patient  is 
withdrawn). 

2.  Death. 

3.  Adverse  reactions  to  the  test  material  necessitating  discontinuance  of  treatment 
(See  Section  6.3.8). 

4.  The  patient  elects  to  withdraw  from  the  study. 

5.  The  patient  is  transferred  to  another  institution. 

6.  The  patient  completes  the  protocol. 

Regardless  of  the  reason  for  termination,  all  data  currently  available  for  the  patient  at  the 
time  of  termination  should  be  logged  on  the  case  report  forms  and  forwarded  to  Baxter 
Healthcare  Corporation,  Biotech  Group,  Immunotherapy  Division,  Santa  Ana,  California. 
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6.3.7. 1 Stopping  Rule 


The  following  table  will  be  used  to  stop  the  study  for  unacceptable  toxicity. 


Number  of  Patients 

Re-evaluate  if  Number  of  Successes*  is 
Less  Than 

7 

4 

8 

5 

9 

6 

* Success  is  defined  as  engraftment  without  use  of  the  back-up  marrow  and  the 

absence  of  _>  Grade  4 toxicities  (see  Appendix  B,  Common  Toxicity  Criteria). 

6. 3. 7. 2 Subsidiary  Stopping  Rule 

Recent  information  from  the  Pediatric  Oncology  Group  study  on  neuroblastoma  purging 
suggests  that  cell  culture  may  detect  tumor  colony  forming  cells  in  up  to  half  the  patients 
in  apparent  marrow  remission  at  the  time  of  harvest  (Graham-Pole,  University  of  Florida, 
Gainesville,  personal  communication).  It  is  not  known  whether  these  cells  contribute  to 
subsequent  relapse.  If,  however,  it  becomes  clear  during  the  course  of  the  present  study 
that  in  vitro  detection  of  neuroblastoma  cells  in  the  marrow  concordantly  predicts 
subsequent  relapse  with  marked  cells,  then  gene  marking  for  these  patients  would  be 
superfluous. 

We  have  therefore  introduced  a subsidiary  stopping  rule  for  patients  who  axe  in  marrow 
remission  by  routine  analysis  but  are  positive  for  neuroblastoma  by  culture  or 
immunocytology,  and  subsequently  relapse  with  marked  cells. 

We  will  test  for  concordance  of  the  clinical  and  in  vitro  results  6 months  after 
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transplantation.  Using  binomial  theory,  we  cannot  reject  the  hypothesis  that  the 
concordance  rate  exceed  50%  at  alpha =0.05,  if: 

i)  Five  of  the  first  five  positive  patients  are  also  marker  gene  positive,  or 

ii)  Seven  of  the  first  eight  agree. 

If  this  occurs,  no  further  culture  positive  neuroblastoma  patients  will  have  an  unpurged 
aliquot. 

6.3.8  ADVERSE  REACTIONS 

The  Adverse  Reaction  Form  will  be  completed  if  adverse  reactions  occur.  Severe 
reactions  will  be  immediately  reported  to  the  designated  representative  of  Baxter 
Healthcare  Corporation  Immunotherapy  Division,  or  alternate  designee  and  followed  by 
a complete  written  report  documenting  the  reaction,  probable  cause  and  outcome. 
(Provided  at  the  end  of  this  section  is  a guideline  for  attributing  side  effects  to  the 
treatment). 

If  the  Medical  Department  needs  to  be  reached  after  normal  business  hours  to  report 
adverse  reactions  or  to  answer  any  questions  concerning  a patient’s  eligibility  into  the 
study,  etc.,  home  phone  numbers  are  provided. 
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6.3.8. 1 Definition  of  Terms:  Clinical  Adverse  Experiences 

CATEGORIES  FOR  DETERMINING  RELATIONSHIPS  TO  STUDY  MATERIAL 

NONE:  The  adverse  reaction  is  known  definitively  to  be  due  to  another  cause  and  is 
therefore  unrelated  to  the  study  material. 

REMOTE:  In  general,  this  category  can  be  considered  applicable  to  those  adverse 

experiences  that,  after  careful  medical  consideration  at  the  time  they  are 
evaluated,  are  judged  to  be  unrelated  to  the  in  vitro  manipulation  of  the 
marrow  (marking/purging).  An  adverse  experience  may  be  considered 
remote  if  or  when,  for  example: 

1.  It  does  not  follow  a reasonable  temporal  sequence  from  reinfusion 
of  marked/purged  marrow. 

2.  It  was  most  likely  produced  by  the  patient’s  clinical  condition, 
environmental  or  toxic  factors,  or  other  modes  of  therapy 
administered  to  the  patient. 

3.  It  does  not  follow  a known  response  pattern  to.  the  use  of 
immunomagnetic  purging. 

POSSIBLE:  This  category  applies  to  those  adverse  experiences  for  which,  after  careful 
consideration  at  the  time  they  are  evaluated,  the  connection  with  the  in 
vitro  marrow  manipulation  appears  unlikely  but  cannot  be  ruled  out  with 
certainty.  An  adverse  experience  may  be  considered  possible  if  or  when: 

1.  It  follows  a reasonable  temporal  sequence  from  reinfusion  of 
marked/purged  marrow. 
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2.  It  could  readily  have  been  produced  by  the  patient’s  clinical  condition, 
environmental  or  toxic  factors,  or  other  modes  of  therapy  administered  to 
the  patient. 

3.  It  follows  a known  response  pattern  to  the  use  of  immu no m agnetic 
purging. 

PR  OR  ABLE:  This  category  applies  to  those  adverse  experiences  that,  after  careful  medical 

consideration  at  the  time  of  evaluation,  are  felt  with  a high  degree  of  certainty 
to  be  related  to  the  in  vitro  gene  marking  and/or  purging  of  marrow  for 
infusion.  An  adverse  experience  may  be  considered  probable  if,  for  example: 

1.  It  follows  a reasonable  temporal  sequence  from  reinfusion  of 
marked/purged  marrow. 

2.  It  could  not  be  reasonably  explained  by  the  known  characteristics  of  the 
patient’s  clinical  condition,  environmental  or  toxic  factors,  or  other  modes 
of  therapy  administered  to  the  patient. 

3.  It  follows  a known  pattern  of  response  to  the  use  of  immunomagnetic 
purging. 

6.3.9  INFORMED  CONSENT  DOCUMENTS 

All  patients  and/or  their  legal  guardian  must  sign  a document  of  informed  consent  upon 
entry  into  the  institution’s  concurrent  protocol.  These  documents  are  included  in  the 
concurrent  protocols  in  Section  6.4.  This  will  precede  entry  to  this  protocol.  Informed 
consent  must  be  consistent  with  local  institutional  and  Federal  guidelines  and  must 
indicate  the  investigational  nature  of  the  protocol  and  the  possible  side  effects  of 
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treatment.  A second  additional  document  of  informed  consent  specific  to  the  gene 
marking/purging  procedures  must  also  be  signed  by  all  patients  and/or  their  legal 
guardian.  This  document  must  also  be  consistent  with  local  institutional  and  federal 
guidelines  and  must  indicate  the  investigational  nature  of  this  protocol  as  well  as  possible 
side  effects.  Further,  patients  must  be  informed  that  no  efficacy  of  this  therapy  is 
guaranteed,  and  that  unforseen  toxicities  may  occur.  Patients  have  the  right  to  withdraw 
from  this  protocol  at  any  time.  No  patient  will  be  accepted  for  treatment  without  such 
a document  signed  by  him  or  his  legal  guardian. 

Patients  may  be  asked  to  volunteer  for  other  appended  or  ancillary  protocols  which 
investigate  other  questions  such  as  issues  of  supportive  care,  the  use  of  hematopoietic 
growth  factors,  management  of  infectious  diseases  and/or  their  prophylaxis,  and 
pharmacokinetic  studies.  In  circumstances  where  such  protocols  are  approved,  a separate 
informed  consent  document,  consistent  with  the  above  guidelines,  will  be  obtained. 

If  there  is  conflict  between  the  parent’s  and  child’s  wishes,  patients  will  have  an 
opportunity  to  discuss  the  proposal  with  a representative  from  the  social  services  or 
psychology  departments  who  will  serve  as  a patient  advocate  and  who  should  also  witness 
the  consent. 

A copy  of  the  signed  consent  form  will  be  retained  with  case  report  form  during  the 
study;  following  completion  of  the  study,  the  signed  consent  form  will  be  retained  with 
the  trial  register. 

The  informed  consent  for  gene  marking  and  purging,  which  will  be  obtained  in  addition 
to  the  informed  consent  for  the  chemoradiotherapy  and  bone  marrow  transplantation 
procedure,  follows. 
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INFORMED  CONSENT 

A copy  of  the  signed  consent  form  will  be  retained  with  case  report  forms  during  the 
study;  following  completion  of  the  study,  the  signed  consent  form  will  be  retained  with 
the  trial  register. 

The  informed  consent  document  specific  to  gene  marking  and  purging  which  will  be 
obtained  in  addition  to  the  informed  consent  for  the  chemo/radiotherapy  and 
transplantation  procedure  follows. 
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GENE  MARKING 

You  (your  child)  has  received  all  the  drugs  available  that  could  possibly  cure  you  (your  child’s) 
neuroblastoma.  Because  the  disease  is  no  longer  responding  to  these  drugs  you  have  agreed  to 
enter  a research  study  that  involves  treatment  with  very  high  doses  of  chemotherapy  followed 
by  a bone  marrow  transplant  using  your  (your  child’s)  own  bone  marrow.  This  is  necessary 
because  the  chemotherapy  also  kills  normal  cells  in  the  marrow. 

Even  with  this  treatment,  the  neuroblastoma  may  come  back.  We  do  not  know  why  this 
happens.  We  would  therefore  like  you  (your  child)  to  receive  marrow  that  has  been  marked. 
If  the  disease  returns  or  progresses  we  may  be  able  to  learn  if  the  malignant  cells  came  from  the 
marrow  we  put  back. 

The  benefits  of  this  marker  study  would  be  a better  understanding  of  neuroblastoma  and  of 
marrow  transplants.  This  would  help  us  plan  better  ways  of  treating  neuroblastoma.  If  you 
(your  child)  needed  another  transplant  in  the  future,  these  changes  might  help  you  (your  child). 
Otherwise,  what  we  learn  might  lead  to  better  treatment  for  other  patients  with  your  (your 
child’s)  disease. 

To  do  this  part  of  the  study,  we  will  insert  two  different  "genetic  markers"  into  some  of  your 
(your  child’s)  marrow  cells  before  we  return  them  to  you  (your  child).  Part  of  the  marrow  will 
be  stored  as  soon  as  it  has  been  marked.  Another  part  will  also  be  marked,  but  in  a slightly 
different  way,  and  will  then  be  given  treatment  (purging)  which  may  help  to  remove  cancer 
cells.  If  there  were  neuroblastoma  cells  in  the  marrow  when  we  stored  it  we  may  be  able  to 
mark  the  cells  and  if  you  (your  child)  relapsed  we  could  tell  if  the  neuroblastoma  had  come  back 
from  the  marrow  we  gave  you  (your  child).  We  might  also  be  able  to  tell  if  the  marrow 
"purging"  helped  remove  the  cancer.  Each  step  of  the  treatment  plan  is  given  below. 


Recombinant  DNA  Research,  Volume  16 


Pre-IDE  Submission:  Clinical  Protocol 
Neuroblastoma  Bone  Marrow  Purging  System 

BAXTER  HEALTHCARE  CORPORATION,  HYLAND  DIVISION 

MARROW  HARVEST  AND  MARKING 

Before  the  high-dose  chemotherapy  starts,  we  will  remove  a small  part  of  your  (your  child’s) 
bone  marrow  from  the  hip  bone.  This  will  be  done  in  the  operating  room  under  general 
anesthesia.  You  (your  child)  will  not  feel  anything  when  the  marrow  is  taken.  There  may  be 
some  pain  later.  You  (your  child)  will  be  given  medicine  for  the  pain. 

If  you  (your  child)  agree  to  be  in  the  "marker"  study,  we  will  mix  approximately  two-thirds  of 
the  marrow  with  two  special  viruses  (one-third  of  the  marrow  with  each  virus)  before  we  put 
the  marrow  back  into  your  (your  child’s)  body.  We  will  use  mouse  viruses  that  have  been 
changed  to  keep  them  from  causing  infection.  The  marker,  a bacterial  gene  called  "NEOR",  is 
put  inside  these  special  viruses. 

RISKS 

No  bad  effects  have  been  seen  in  animal  studies  using  these  markers  or  in  any  person  treated 
with  marker  genes.  Still,  there  may  be  risks.  It  is  possible  that  the  mouse  virus  might 
"recover"  in  the  cell  and  be  able  to  grow;  it  might  even  cause  cancer.  We  think  this  is  very 
unlikely  but  we  cannot  rule  it  out  yet. 

BENEFITS 

The  benefits  of  this  marker  study  would  be  a better  understanding  of  neuroblastoma  and  of 
marrow  transplants.  This  would  help  us  plan  better  ways  of  treating  neuroblastoma.  If  you 
(your  child)  needed  another  transplant  in  the  future,  these  changes  might  help  you  (your  child). 
Otherwise,  what  we  learn  might  lead  to  better  treatment  for  other  patients  with  this  disease. 

So  that  we  can  study  the  marked  cells,  we  will  take  a little  extra  blood  after  the  marrow  is  put 
back.  The  extra  blood  taken  will  be  about  20  mL  (1  tablespoon)  once  or  twice  a week  for  6 
weeks.  We  will  also  take  extra  blood  monthly  for  6 months,  every  six  months  for  2 years,  and 
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then  once  a year  for  2 years. 

LONG-TERM  FOLLOW  UP 

We  will  follow  your  (your  child’s)  progress  over  a long  period.  You  (your  child)  will  need  to 
be  examined  yearly  for  14  years  after  the  transplant.  After  the  first  4 years  this  can  be  done  by 
your  (your  child’s)  local  doctor.  A teaspoon  of  blood  will  be  taken  at  each  exam. 

CONFIDENTIALITY 

Your  (your  child’s)  case  will  be  treated  in  complete  confidence,  unless  you  specifically  agree 
otherwise.  However,  approved  people  from  Government,  outside  agencies,  or  sponsoring 
organizations  may  review  the  charts. 

SIDE  EFFECTS 

There  are  no  known  side  effects  of  the  virus,  although  we  cannot  rule  out  the  possibility  that  it 
could  cause  some  antibiotics  not  to  work  or  could  make  cells  cancerous. 

ALTERNATIVE  PROCEDURES 

If  you  do  not  want  to  have  part  of  your  (your  child’s)  marrow  marked,  you  (your  child)  could 
still  have  high-dose  chemotherapy  and  bone  marrow  transplant. 

STATEMENT  OF  UNDERSTANDING 

The  benefits  of  this  experimental  treatment  are  difficult  to  predict.  It  is  possible  that  no  useful 
information  will  be  gained.  However,  we  hope  to  learn  more  about  your  (your  child’s)  disease 
and  improve  treatment  in  the  future. 
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Participation  in  the  study  is  strictly  voluntary.  If  you  (your  child)  do  not  wish  to  volunteer, 

other  options  will  be  discussed  and  made  available.  Should  any  problems  arise,  one  of  the 

doctors  will  make  you  (your  child)  aware  of  these  developments  and  discuss  the  plans  of  action. 

1.  I have  read  the  above  statements  and  voluntarily  agree  to  the  participation  in  this 
study/treatment. 

2.  I have  had  adequate  opportunity  to  discuss  with  Dr. all  the  purposes  and 

hazards  related  to  this  study/treatment. 

3.  I have  been  told  of  alternate  courses  of  action  in  my  (my  child’s)  situation. 

4.  I understand  that  the  study/treatment  proposed  may  result  in  risks  which  are  currently 
unforeseeable. 

5.  I understand  that  the  gene  marking  study  may  or  may  not  provide  useful  information. 

6.  I understand  that  I may  withdraw  myself  (ray  child)  from  this  study/treatment  at  any 
time.  However,  if  withdrawal  is  done  after  chemotherapy  has  been  given  but  prior  to 
receiving  the  marrow  transplant,  this  is  likely  to  result  in  severe,  possibly  fatal  toxicity. 

7.  I understand  that  financial  compensation  is  not  provided  for  participation  in  this 
study/treatment. 

8.  I understand  that  in  the  event  of  non-negligent  physical  injury  to  myself  (my  child)  from 
this  study/treatment,  financial  compensation  is  not  available  but  medical  treatment 
necessary  will  be  provided  at  no  direct  cost. 

9.  I understand  that  refusal  to  participate  in  this  study  will  involve  no  loss  of  benefits  or 
jeopardize  my  care  at  this  hospital. 
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10.  I understand  that  the  information  obtained  will  be  kept  confidential  but  that  supervised 
review  by  approved  medical  representatives  of  outside  institutions  or  agencies  may  occur. 
In  particular,  the  chart  may  be  reviewed  by  an  agent  of  the  Food  and  Drug 
Administration,  the  National  Cancer  Institute,  or  the  study  sponsor. 

11.  I understand  that  if  I have  further  questions  regarding  this  study /treatment,  or  concern 
about  injury  from  this  study/treatment,  I can  contact  Dr.  Victor  M.  Santana  or  Dr. 
Malcolm  K.  Brenner  at  901-522-0300. 

12.  I understand  that  further  information  regarding  my  (my  child’s)  rights  as  a research 
participant  can  be  obtained  by  contacting  the  Chairman  of  the  Clinical  Trials  Committee 
at  901-522-0300. 

13.  I understand  that  I shall  receive  a signed  copy  of  this  informed  consent. 


Patient  Parent  or  Guardian 


Physician  Witness 


Date 
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1 . 0 INTRODUCTION  AND  BACKGROUND 


Local  therapies,  such  as  surgery  and  radiation,  rarely  cure  patients  with 
disseminated  cancer...  Lamentably,  our  ability  to  alter  the  natural  history  of 
metastatic  cancer  using  available  chemo therapeutics  is  also  limited  and  it  is 
apparent  that  additional  therapeutic  strategies  are  needed.  We,  and  others,  have 
previously  demonstrated  that  interleukin- 2 (IL-2) -based  immunotherapy  induces 
clinically  significant  tumor  regression  in  20  to  30  percent  of  treated  patients 
who  have  metastatic  melanoma  or  renal  cell  carcinoma,  respectively  (1). 
Responses  have  been  noted,  albeit  much  less  frequently,  among  treated  patients 
who  have  other  malignancies  including  colon  carcinoma,  ovarian  carcinoma,  breast 
carcinoma  and  non-Hodgkin's  lymphoma  (2).  The  cost  to  the  individual  patient  is 
significant  toxicity.  Although  a small  proportion  of  patients  manifest  durable 
clinical  responses,  prolonged  survival,  cure,  or  even  palliation  have  yet  to  be 
clearly  demonstrated. 

An  alternative  strategy  for  immunotherapy  is  suggested  by  in  vitro  and 
preclinical  murine  data  showing  that  the  cytokine  microenvironment  within  tumors 
may  determine  the  outcome  of  the  immune  response.  In  particular,  the 
immunomodulatory  cytokine  inter ieukin-4  (IL-4)  has  a central  role  in  the  immune 
response  to  tumors  in  certain  murine  models.  Implantation  of  the  murine 
mastocytoma  P815  into  the  anterior  chamber  of  the  eye  results  in  progressive 
growth  of  this  tumor  while  implantation  into  the  subconjunctival  sac  of  the  eye 
results  in  tumor  rejection.  Cytolytic  precursor  cells  residing  in  both  sites 
secrete  IL-2.  However,  only  those  isolated  from  the  rejecting  site 
(subconjunctival  sac)  elaborate  IL-4  upon  exposure  to  tumor  (3).  Bosco,  et  al 
(4),  have  injected  IL-4  into  the  region  of  tumor-draining  lymph  nodes  of  mice 
bearing  either  a fibrosarcoma  or  a mammary  adenocarcinoma.  As  little  as  0.1 
picogram  per  day  induced  tumor  regression  and  protective  immunity  to  subsequent 
tumor  challenge.  Tepper  et  al,  (5)  demonstrated  that  an  invariably  lethal  murine 
B-cell  lymphoma  or  a mammary  adenocarcinoma,  both  transfected  with  the  IL-4  gene, 
regressed  after  a brief  period  of  growth.  Golurabek  et  al  (6)  have  observed  a 
similar  effect  with  a spontaneous  renal  cell  carcinoma  (Renca)  transfected  with 
the  gene  for  IL-4.  They  extended  these  observations  by  demonstrating  both 
protective  immunity  against  tumor  rechallenge  in  mice  vaccinated  with  these  gene- 
modified  tumors  and  tumor  regression  in  a 6 to  9 day  tumor  model.  In  contrast 
to  the  demonstrated  lack  of  therapeutic  efficacy  of  IL-4  when  administered 
systemically  to  patients  with  cancer  (unpublished  observations) , these  studies 
suggest  that  the  constant  local  production  of  IL-4  is  associated  with  development 
of  antitumor  immunity  that  may  translate  to  regression  of  established  cancer. 

Some  of  these  antitumor  immunologic  effects  have  been  observed  with  as  little  as 
0.44  units  (U)  IL-4/106  cells/48  hours  (5).  However,  regression  of  established 
tumor  has  only  been  associated  with  a vaccine  that  elaborated  1500  U/105  cells/24 
hours  (6).  In  this  study,  106  cells  used  for  vaccination  would  have  been 
expected  to  release  15,000  U of  IL-4  daily  at  the  vaccine  site.  Such  high, 
constant  intratumor  concentrations  of  IL-4  can  not  be  attained  with  systemically 
administered  IL-4  due  to  the  associated  toxicity. 

The  mechanism  underlying  the  antitumor  effects  of  IL-4- transduced  tumor  vaccines 
has  not  been  clearly  defined.  Tumor  regression  has  been  associated  with  a 
mononuclear  infiltrate  consisting  predominantly  of  macrophages  (5,  6). 
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Lymphocytes  and  eosinophils  have  also  been  observed  (4-6).  IL-4  may  play  a 
critical  role  in  the  homing  of  these  cells  to  sites  of  tumor  by  inducing  the 
expression  of  the  vascular  cell  adhesion  molecule  VCAM  by  the  tumor  microvascular 
endothelium  (7).  Lymphocyte  adhesion  to  these  cells  is  thought  to  be  mediated 
by  interaction  through  cell  surface  VLA-4  (7).  The  effects  of  IL-4  on  macrophages 
include  the  upregulation  of  class  II  molecule  expression  (8)  and  the  induction 
of  antigen-presenting  capacity  (9).  T-cell  activity  is  also  modulated  by  IL-4. 
Specifically,  IL-4  increases  IL-2  production,  increases  IL-2  receptor  expression, 
and  enhances  proliferation  of  mitogen-activated  T cells  (10).  When  IL-4  is 
combined  with  IL-2,  LAK  activity  is  suppressed  while  specific  antitumor  lytic 
activity  is  enhanced  (11).  These  findings  are  concordant  with  the  demonstration 
by  Golumbek  et  al  (6)  that  antitumor  effects  are  abrogated  by  depleting  mice  of 
CD8+  cells  prior  to  vaccination.  Based  on  these  observations,  we  have  targeted 
tumor  vaccines,  designed  to  elaborate  IL-4  at  the  site  of  vaccination,  as  a 
rational  approach  to  immunotherapy. 

In  light  of  the  limited  ability  to  consistently  and  quickly  generate  tumor  cell 
lines  for  use  in  these  studies,  we  have  identified  cultured  fibroblasts  a cells 
that  can  be  quickly  expanded  to  large  numbers,  easily  transduced,  and  used  as 
vehicles  to  deliver  high,  constant  levels  of  IL-4  to  the  vaccine  site.  We  have 
routinely  been  able  to  get  106  fibroblasts  from  small  (1cm  x 1cm)  biopsies  of 
skin  after  2 to  3 weeks  of  culture  and  to  expand  them  2 to  4 fold  each  week 
thereafter.  We  plan  to  take  4cm  diameter  biopsies  that  are  expected  to  yield 
about  10  to  20  fold  more  cells  for  these  vaccine  studies.  We  have  been  able  to 
induce  fibroblasts  growing  in  log  phase  to  incorporate  the  gene  for  IL-4  and 
produce  bioactivity  of.  <0.1  to  102  units/106  cells/24  hours  without  selection, 
and  as  much  as  104  U with  selection.  After  irradiation  with  5000  rads,  these 
cells  slowly  involute  and  disappear  after  1-2  weeks  of  additional  culture. 
Irradiated,  autologous  fibroblasts  transduced  with  the  gene  encoding  IL-4  will 
be  admixed  with  irradiated  single-cell  tumor  suspensions  and  administered 
intradermally  to  patients  with  disseminated  cancer. 

We  already  have  extensive  experience  with  the  preparation  of  single  cell 
suspensions  of  tumor  for  laboratory  studies  as  well  as  for  vaccine  trials  at  the 
Pittsburgh  Cancer  Institute.  This  study  is  seen  as  an  extension  of  our  previous 
trials.  We  also  have  extensive  experience  with  retroviral  transduction  of  tumor 
infiltrating  lymphocytes  (TIL)  using  the  gene  that  encodes  resistance  to  the 
neomycin  analog,  G418.  While  at  the  National  Cancer  Institute,  we  treated  ten 
patients  with  gene-marked  TIL  (12).  No  toxicities  of  any  kind  could  be 
attributed  to  these  cells.  The  expected  toxicities  associated  with  the 
concomitant  administration  of  IL-2  were  seen.  Patients  received  up  to  1.45  x 
1011  gene- transduced  TIL.  The  percent  of  cells  transduced  among  the  adoptively 
transferred  TIL  populations  varied  between  1 and  11  per  cent.  In  each  case, 
integration  and  expression  of  the  NeoR  gene  was  demonstrated.  Gene -modified  TIL 
could  be  detected  at  tumor  deposits  as  long  as  64  days  after  infusion.  We  have 
now  treated  two  patients  with  disseminated  cancer  at  the  University  of  Pittsburgh 
with  IL-2,  IL-4,  and  TIL  that  have  been  tranduced  with  the  NeoR  gene.  Toxicities 
of  treatment  were  those  usually  associated  with  the  systemic  administration  of 
IL-2  and  IL-4  and  are  primarily  those  associated  with  a vascular  leak. 
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2.0  OBJECTIVES 


2.1  To  determine  the  period  of  time  over  which  irradiated,  gene-modified 
fibroblasts  elaborate  IL-4  in  vitro . 

2.2  To  define  the  local  and  systemic  toxicity  associated  with  vaccines  composed 
of  tumor  cells  admixed  with  fibroblasts  that  have  been  transduced  with  the 
gene  encoding  IL-4. 

2.3  To  evaluate  the  local  immune  response  induced  by  these  vaccines. 

2.4  To  evaluate  the  clinical  efficacy  of  these  vaccines. 

3.0  EXPERIMENTAL  DESIGN 

3.1  Obtaining  Tissue  for  Use  in  this  Study: 

There  are  a number  of  obstacles  to  the  timely  preparation  of  tumor  vaccines  using 
gene -modified  cells  from  patients  with  melanoma,  breast  cancer,  renal  cell 
carcinoma,  and  colon  cancer.  With  the  exception  of  patients  with  metastatic 
melanoma,  relatively  few  patients  develop  accessible  subcutaneous  metastases. 
Rather,  pulmonary  metastatic  disease  is  a far  more  common  site  of  dissemination. 
These  lesions  can  now  be  resected  thoracoscopically  with  little  morbidity  and  a 
small  theoretical  risk  of  mortality  (13).  This  minimally  invasive  surgical 
technique  makes  pulmonary  metastasectomy  a reasonable  approach  to  obtain  tumor 
tissue  for  these  studies.  Some  patients  who  have  previously  undergone  curative 
resection  of  their  primary  malignancy  have  had  their  tumor  stored  in  the  PCI 
tissue  bank.  About  200  of  these  patients  are  currently  followed  in  the  PCI 
outpatient  facility.  In  the  event  that  they  develop  metastatic  disease,  they 
would  be  eligible  for  this  protocol  without  the  need  for  tumor  harvesting. 

Subcutaneous  metastases  and  thoracoscopically  resected  lung  metastases  will  be 
transported  in  sterile  fashion  to  the  laboratory  where  they  will  be  processed 
(appendix  19.1).  A small  representative  piece  of  tissue  will  be  saved  for 
histopathologic  exam.  The  remaining  tissue  will  be  digested  as  previously 
described  and  a single  cell  suspension  made  (appendix  19.1).  This  heterogeneous 
population  of  cells  will  be  stored  in  complete  medium  containing  90%  human  AB 
serum  and  10%  DMS0  at  -180°C. 

Rapidly  proliferating  cells  are  a prerequisite  for  retroviral  gene  transduction. 
Unfortunately,  our  ability  to  generate  tumor  lines  from  these  resected  metastases 
is  limited.  In  order  to  obtain  large  numbers  of  proliferating  cells  that  can  be 
transduced  and  available  for  use  in  a short  period  of  time,  we  propose  to  use 
cultured,  autologous  fibroblasts  grown  from  skin  resected  at  the  time  of 
metastasectomy  (19.2).  An  elipse  of  skin  measuring  4cm  by  1cm  will  be  resected 
from  the  anterior  abdominal  wall.  This  will  be  performed  in  sterile  fashion  in 
the  operating  room  using  either  general  or  local  anesthesia  depending  on  the 
approach  to  metastasectomy.  All  wounds  will  be  closed  primarily  with  either 
sutures  or  staples.  The  skin  will  be  transferred  in  sterile  fashion  to  the 
laboratory  where  it  will  be  cleared  of  fat,  divided  into  lmm-2mm  diameter  pieces 
and  plated  in  T25  flasks  containing  sterile  culture  medium  and  10%  human  AB 
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serum.  Cultures  will  be  split  1 to  3 when  confluent  monolayers  develop.  After 
the  first  passage,  the  fibroblasts  will  be  transduced  and  replated  as  previously 

described . 

3.2  Transduction  and  Growth  of  Fibroblasts: 

The  procedures  used  here  are  the  same  as  those  used  in  our  previous  protocols  at 
the  NIH  and  the  PCI,  involving  the  infusion  of  TIL  transduced  with  the  Neo 
resistance  gene  (protocol  86-C-183c  and  90-C-183c)  (12).  These  are  detailed  in 
the  appendix  (19.3).  Cultured  fibroblasts  will  be  transduced  during  log  phase 
of  growth  using  a retroviral  vector  containing  the  gene  for  human  IL-4.  Twenty- 
four  hours  after  transduction,  they  will  be  exposed  to  the  selective  pressure  of 
0.3  mg/ml  of  G418.  This  concentration  may  be  increased  to  as  much  as  1 mg/ml 
depending  on  the  health  of  the  culture. 

3.3  Preparation  of  the  IL-4  Vector-Containing  Supernatant: 

Supernatants  from  GTI  will  be  prepared  with  retroviral  vectors  incorporating  the 
IL-4  gene  (appendix  19.4).  They  will  be  tested  and  shown  to  be  free  of 
mycoplasma  and  repl ication- competent  virus  using  the  NIH  3T3  and  S+/L-  assays. 

3.4  Preparation  and  Administration  of  Vaccine: 

When  the  total  population  of  fibroblasts  reaches  about  5 X 107  cells,  the  medium 
will  be  changed  and  the  amount  of  IL-4  appearing  in  the  culture  supernatant  of 
representative  flasks  over  24  hours  will  be  determined  by  ELISA.  This  will  be 
used  to  estimate  the  amount  of  IL-4  that  may  be  elaborated  at  each  vaccine  site 
per  107  cells  per  24  hours.  About  2 X 107  fibroblasts  will  then  be  harvested  by 
brief  trypsinization  for  vaccine  preparation.  At  the  same  time,  the  frozen  tumor 
cell  suspension  will  be  thawed  and  washed.  The  number  of  viable  tumor  cells  will 
be  counted  by  trypan  blue  exclusion.  Suspensions  with  less  than  50X  viability 
will  have  viable  cells  separated  with  Ficoll -Hypaque  centrifugation. 

In  order  to  realize  the  stated  objectives  of  this  protocol,  patients  will  first 
undergo  primary  vaccination  at  multiple  sites  using  vaccines  made  of  a fixed 
number  of  irradiated  tumor  cells  but  escalating  numbers  of  transduced  fibroblasts 
that  will  deliver  varying  doses  of  IL-4  to  each  vaccine  site.  This  will  define 
the  local  and  systemic  toxicity  associated  with  IL-4-elaborating  vaccines  of 
different  histologies.  Five  vaccines  will  be  prepared  for  primary  immunization 
by  admixing  5 X 10°  tumor  cells  with  3 log  dilutions  of  fibroblasts  with  the  most 
potent  vaccine  containing  up  to  107  fibroblasts  elaborating  no  more  than  105  U 
of  IL-4  per  24  hours.  In  addition  to  a nontransduced  control  vaccine,  for 
example,  a patient  would  receive  4 vaccines  that  elaborated  105,  104 , 103 , or  102 
U IL-4/  24  hours.  Each  vaccine  will  be  prepared  in  0.1  ml  of  sterile  saline. 
The  vaccine  will  be  irradiated  with  5,000  rads  prior  to  intradermal 
administration.  At  the  time  of  vaccine  administration,  a small  aliquot  of 
fibroblasts  will  be  set  aside  to  test  for  lack  of  growth  and  for  production  of 
IL-4  following  irradiation. 

Five  sites  for  vaccination,  oriented  vertically  and  positioned  2 cm  apart,  will 
be  placed  over  the  left  lumbar  region  of  the  patient's  back  between  2 points 
tattooed  using  India  ink.  This  indelible  tattoo  will  allow  for  the  accurate 


[502] 


Recombinant  DNA  Research,  Volume  16 


localization  of  the  vaccine  site  for  subsequent  biopsy  in  the  event  a local 
reaction  is  not  apparent.  0.1  ml  of  vaccine  will  be  injected  intradermally  at 
each  marked  site  using  a 1 ml  syringe  and  a 27  gauge  needle.  After  2 weeks,  the 
5 sites  will  be  excisionally  biopsied  and  evaluated  to  determine  the  dose  of  IL-4 
associated  with  the  most  intense  mononuclear  cell  infiltrate. 

This  procedure  will  be  repeated  in  2 weeks  provided  that  the  patient  has  not 
suffered  a severe  local  reaction  such  as  abscess  or  ulceration.  At  this  time, 
5 vaccines  will  be  placed  over  the  right  lumbar  region  of  the  patient's  back 
after  the  sites  have  been  marked  as  before.  Each  vaccine  will  consist  of  5 X 106 
tumor  cells  admixed  with  as  many  as  107  fibroblasts  to  provide  the  maximum  dose 
of  IL-4  that  was  found  to  be  free  of  significant  toxicity  in  the  primary 
vaccination.  All  sites  of  secondary  vaccination  will  be  sequentially  biopsied 
1,  2,  4,  7,  and  14  days  later  to  determine  the  kinetics  of  the  immune  response 
induced  by  the  vaccine.  This  may  help  to  define  the  proper  time  to  begin 
systemic  IL-2  therapy  in  subsequent  protocols.  We  anticipate  that  concomitant 
IL-2  will  be  necessary  to  generate  a systemic  antitumor  response  from  the  local 
immune  response  at  the  vaccine  site.  If  administered  too  early,  IL-2  may 
attenuate  the  immune  response  to  the  vaccine  in  view  of  the  previously  documented 
ability  of  IL-2  to  decrease  DTH  reactions  to  common  recall  antigens  (19). 

3.5  Vaccine  Testing: 

Prior  to  administration  of  the  vaccine,  the  following  evaluations  will  be 
performed: 

A.  Quantitation  of  IL-4  secretion  by  transfected  fibroblasts-  At  least 
10  U/107  cells/24  hours  will  need  to  be  produced.  Up  to  107  cells  will 
be  delivered  with  the  vaccine  to  give  a maximum  of  105  U/24 
hours/vaccine  site.  This  upper  limit  is  based  on  our  previous  IL-4 
protocol  in  which  patients  tolerated  more  than  106  U/day  given  as  an  IV 
bolus . 

B.  Microbiology  testing  for  sterility-  After  each  split  of  the  fibroblasts 
(approximately  once  a week) , cultures  will  be  sent  to  the  microbiology 
laboratory  to  detect  possible  contamination  by  bacterial  organisms. 
Mycoplasma  testing  will  be  performed  one  week  before  infusion  by  a 
commercial  testing  service. 

C.  S+/L-  assay  including  3T3  amplification 

D.  Cell  viability-  Tumor  preparation  must  be  at  least  50Z  viable  following 
thawing;  if  not,  Ficoll -hypaque  separation  to  eliminate  dead  cells  may 
be  carried  out. 

3.6  Immunologic  Monitoring: 

Fifty  ml  of  blood  will  be  collected  in  four  green  top  tubes  and  1 red  top  tube 
on  days  0,  7,  14,  21,  and  28.  Peripheral  blood  mononuclear  cells  will  be 
cryopreserved  at  -180°  C and  serum  will  be  frozen  at  -20°C.  These  specimens  will 
be  used  to  detect  alterations  in  the  phenotype  of  circulating  lymphocytes  and  to 
quatitate  systemic  IL-4  levels,  respectively.  Patients  will  be  evaluated  daily 
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in  the  clinic  for  1 week  after  each  vaccine  is  administered.  The  vaccination 
sites  will  be  assessed  for  the  presense  of  Induration,  erythema,  tenderness, 
ulceration,  or  infection.  Patients'  temperatures  and  vital  signs  will  also  be 
monitored.  The  area  of  erythema  and  induration  will  be  measured.  Vaccination 
sites  will  be  excised  as  described  above  under  local  anesthesia  in  sterile 
fashion  using  a 4-6mm  punch  biopsy  knife.  The  specimens  will  be  divided  into 
thirds.  One  third  will  be  snap  frozen  in  OCT  medium  and  used  for  In  situ 
hybridization  (appendix  19.5)  and  immunohistochemistry  (appendix  19.6).  Another 
portion  (1/3)  will  be  prepared  for  electron  microscopy  (appendix  19.7).  The 
remaining  third  will  be  placed  in  tissue  culture  with  6000  IU/ml  IL-2  and 
complete  medium  . 
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4.0  PROTOCOL  SCHEMA 
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5.0  PATIENT  SELECTION 


5.1  Eligibility: 

A.  Patients  must  have  histologically  confirmed  metastatic,  and/or 
unresec  table , locally  advanced  melanoma,  renal  cell  carcinoma,  breast 
cancer  or  colon  cancer  for  which  curative  measures  do  not  exist  or  are 
no  longer  effective.  Patients  must  have  expected  survivals  of  6 months 
or  less.  Patients  must  be  off  all  therapy  for  at  least  1 month  prior 
to  beginning  treatment. 

B.  Women  of  child-bearing  potential  must  have  a negative  pregnancy  test. 

C.  Patients  must  have  a negative  HIV  test. 

D.  Patients  must  have  intact  cell  mediated  immunity  as  manifest  by  a 
positive  response  to  any  one  of  a broad  panel  of  skin  tests  including 
TB,  mumps,  Candida,  and  SKSD  (Merieux  skin  test).  Skin  tests  will  be 
read  at  24  and  48  hours. 

E.  Patients  must  be  free  of  systemic  infection. 

F.  Patients  must  have  the  following  laboratory  values: 

1.  WBC  > 2000/mm3 

2.  Platelet  count  > 50,000 

3.  Bilirubin  < 2mg/dl 

4.  Creatinine  < 2mg/dl 

G.  Patients  must  have  biopsy  proven  metastatic  melanoma,  breast  cancer, 
renal  cell  cancer,  or  colon  cancer  that  is  measurable  by  physical  exam, 
or  radiologic  immaging. 

H.  Patients  must  be  at  least  18  years  old. 

5.2  Ineligibility: 

A.  Patients  who  fail  to  meet  the  above  criteria. 

B.  Patients  who  are  hepatitis  B surface  antigen  positive  or  HIV  antibody 
positive . 

C.  Patients  who  require  steroids  in  any  form-  topical  or  systemic. 

D.  Patients  with  a history  of  having  had  another  cancer  with  the  exception 
of  basal  cell  or  squamous  cell  carcinoma  of  the  skin. 

E.  Patients  who  have  had  therapy  within  28  days 
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F.  Patients  who  are  pregnant 

G.  Patients  with  systemic  infections  or  coagulation  disorders 

H.  Patients  with  an  ECOG  performance  status  >2. 

6.0  LOCATION 

All  patients  will  be  treated  on  the  PCI  inpatient  or  outpatient  units  of 
Montefiore  University  Hospital . All  resected  tissues,  serum,  and  blood  specimens 
will  be  processed  by  the  IMDL/CT  of  the  PCI  located  on  the  10th  floor  of  the  BST 
at  the  University  of  Pittsburgh. 


7.0  PATIENT  EVALUATION 

7.1  Before  Therapy: 

A.  Complete  physical  exam  including  detailed  measurement  of  all  metastatic 
lesions . 

B.  Blood  tests  (85  ml)  including: 

1.  electrolytes,  BUN,  creatinine,  AST,  ALT,  LDH , total  bilirubin, 
direct  bilirubin,  alkaline  phosphatase,  glucose,  calcium, 
magnesium,  phosphorus,  albumin,  total  protein,  CEA  (for  patients 
with  colon  and  breast  cancer. 

2.  CBC  with  differential  and  platelet  counts. 

3 . PT , PTT . 

4.  Pregnancy  test  for  women  who  may  conceive. 

5.  Hepatitis  screen 

6.  HIV  screen 

7.  10  ml  of  clotted  blood  for  serum  storage 

8.  45  ml  of  blood  for  mononuclear  cell  preservation. 

C.  Urinalysis 

D.  Chest  X-ray 

E.  EKG 

F.  Baseline  CT  scan  or  MRI  of  brain,  chest,  abdomen,  and  pelvis  to  evaluate 
metastatic  disease 


Recombinant  DNA  Research,  Volume  16 


[507] 


7.2  After  Therapy: 


A.  Physical  examination  1,  2,  4,  and  7 days  after  each  vaccination  that 
will  include  an  assessment  of  the  vaccination  sites. 

B.  Weekly  blood  tests  (x  4)  including: 


1. 

CBC  with  differential 

and  platelet  counts 

2. 

Chemistries  (see 

above ) 

3. 

PT , PTT 

4. 

Serum  (10ml)  and 

PBMC 

(30ml)  for  storage 

C.  Biopsy  of  vaccination  sites  on  days  14,  15,  16,  18,  and  21. 

8.0  CRITERIA  FOR  RESPONSE 

Patients  will  be  assessed  at  one  and  two  months  following  their  second 
vaccination  for  evidence  of  tumor  response  using  physical  examination  or 
radiographic  studies.  Responses  will  be  defined  as  follows: 

A.  Complete  response-  disappearance  of  all  measurable  disease  for  at  least 

1 month  without  the  development  of  new  lesions. 

B.  Partial  response-  502  or  greater  decrease  in  the  sum  of  the  products 
of  the  perpendicular  diameters  of  all  measurable  lesions  lasting  at 
least  4 weeks  with  no  increase  in  the  size  of  existing  lesions  or 
appearance  of  new  lesions. 

C.  No  response-  any  patient  not  manifesting  a complete  or  partial 
response . 

9.0  REPORTING  OF  ADVERSE  REACTIONS 

All  side  effects  will  be  graded  using  the  standard  toxicity  sheet  used  in  prior 
immunotherapy  protocols  presented  in  appendix  18.7.  Adverse  reactions  will  be 
reported  promptly  to  the  Investigational  Drug  Branch  at  (301)  496-7957.  Reports 
are  required  even  if  there  is  only  a suspicion  of  an  adverse  effect.  Previously 
unknown  grade  2 and  grade  3 reactions  will  be  reported  to  the  NCI  in  writing 
using  the  "NCI  Adverse  Reactions  Form  for  Investigational  Agents"  within  10 
working  days.  Grade  4 (life-threatening)  reactions  and  patient  deaths  while  on 
treatment  will  be  reported  to  NCI  by  phone  within  24  hours.  A written  report 
will  follow  within  10  working  days.  Written  reports  will  be  sent  to: 

Investigational  Drug  Branch 
Cancer  Therapy  Evaluation  Program 
P.0.  Box  30012 
Bethesda,  Maryland  20824 
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All  adverse  reactions  should  also  be  reported  to  the  IRB.  Data  will  be  submitted 
to  CTMS  at  least  once  every  two  weeks.  The  NCI/DCT  case  report  or  ACAS  will  be 
used  to  report  to  CTMS. 

10.0  POTENTIAL  RISKS  OF  RETROVIRAL -MEDIATED  GENE  MODIFICATION 

10.1  Insertional  Mutagenesis: 

The  possibility  of  causing  malignancy  in  cells  secondary  to  the  random  insertion 
of  the  retroviral  vectors  in  the  genome  exists,  though  the  actual  risk  of  this 
occurring  is  thought  to  be  low.  Nevertheless,  transduced  fibroblasts  will  be 
irradiated  with  5,000  rads  prior  to  vaccination.  Tests  of  the  viral  supernatant 
as  well  as  of  the  fibroblasts  used  for  vaccination  will  be  conducted  to  assure 
that  no  replication  competent  virus  is  present  in  either  preparation.  Since  no 
other  cells  will  be  exposed  to  retroviral  vector  insertion,  no  other  cells  will 
be  at  risk  for  insertional  mutagenesis. 

10.2  Risk  from  Murine  Retrovirus: 

Exposure  of  the  cancer  patient  to  retrovirus  could  theoretically  pose  a risk  of 
insertional  mutagenesis.  It  should  be  emphasized,  however,  that  careful  tests 
will  be  conducted  to  assure  that  the  patient  is  not  exposed  to  replication 
competent  virus.  The  retrovirus  derived  from  the  Moloney  murine  leukemia  virus 
has  been  modified  so  that  it  no  longer  contains  any  intact  viral  genes  and  thus 
cannot  produce  the  proteins  necessary  to  package  its  RNA  into  an  intact 
infectious  virus  (14,  15).  To  assemble  the  retrovirus,  a retrovirus  packaging 
cell  line  will  be  used  that  contains  coding  sequences  that  express  the  viral 
structural  proteins.  This  packaging  cell  line  does  not  produce  replication 
competent  retrovirus  because  of  multiple  modifications  made  to  the  gag,  pol,  and 
env  coding  sequences  that  prevent  its  replication.  These  modifications  include 
removal  of  signals  required  for  RNA  encapsidation,  priming  of  reverse 
transcription,  and  integration.  Multiple  assays  will  be  performed  on  the 
packaging  cell  line,  the  retroviral  vector  supernatant  as  well  as  on  the 
fibroblasts  prior  to  vaccination  to  insure  that  no  replication  competent  virus 
is  present.  These  tests  will  include  S+/L-  assays  and  3T3  amplification.  Any 
supernatants  or  fibroblasts  with  evidence  of  any  replication  competent  virus  will 
not  be  utilized.  The  3T3  amplification  and  S+/L-  assays  are  thought  to  be 
capable  of  detecting  a single  replication  competent  viral  particle  per  ml.  These 
studies  will  initially  be  done  at  GTI  and  then  subsequently  in  the  IMDL/CT. 

Prior  safety  studies  have  shown  that  exposure  of  primates  to  large  infusions  of 
infectious  murine  amphotrophic  virus  produce  no  acute  pathologic  effects  (16). 
In  a study  of  21  primates  receiving  retroviral-mediated,  gene-modified, 
autologous  bone  marrow  cells  no  animal  showed  evidence  of  toxicity  related  to  the 
gene  transfer  for  as  long  as  4 years  after  infusion  (17). 

Patients  in  the  proposed  protocol  will  not  be  exposed  to  the  vector  supernatant. 
Fibroblasts  will  be  transduced  with  the  retroviral  vector  supernatant  and  then 
washed  extensively.  They  will  be  grown  for  several  weeks  in  the  absence  of 
supernatant.  The  fibroblasts  will  then  be  washed  extensively  again  prior  to 
reinfusion  into  the  patient. 
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11.0  STATISTICAL  CONSIDERATIONS 


11.1  Analysis  of  Peripheral  Blood  Specimens 

Systemic  IL-4  levels  and  the  phenotype  of  circulating  peripheral  blood 
lymphocytes  will  be  determined  on  days  0 (pre - vacc ination) , 7,  14,  21,  and  28. 
Follow-up  multiple  comparisons,  based  on  either  the  paired-t  or  signed  rank 
statistic,  will  be  applied  in  the  interpretation  of  significant  results. 

11.2  Analysis  of  Local  Toxicity 

The  incidence  of  severe,  vacc ine - related , local  reactions  will  be  recorded.  The 
relationship  between  local  toxicity  and  the  number  of  transferred  cells  and  the 
amount  of  IL-4  elaborated  per  site  per  day  will  be  determined.  A formal  test  for 
increasing  dose  - response  may  be  based  on  a scored-rank  test  with  p-values 
obtained  by  within-patient  permutation  of  dose  levels.  To  insure  the  validity  of 
this  approach,  and  more  importantly  to  eliminate  the  possibility  of  positional 
bias,  the  relative  location  of  vaccinations  will  be  randomized  in  double-blind 
fashion  for  each  patient. 

11.3  Dose -Response  for  Mononuclear  Cell  Infiltration 

Biopsies  obtained  after  primary  vaccination  on  day  14  will  provide  an  opportunity 
to  quantify  the  relationship  between  the  amount  of  IL-4  delivered  and  the  degree 
of  infiltration  by  mononuclear  cells.  These  data  will  first  be  investigated  by 
standard  repeated  measures  methods;  but,  because  the  description  of  between- 
patient  variability  both  in  level  of  response  and  in  optimal  dose  are  of 
considerable  interest,  additional  analyses  are  planned  as  described  below. 

It  is  thought  likely  that  the  dose  - response  relationship  may  not  be  monotonically 
increasing,  but  rather  may  re-descend  at  sufficiently  high  levels  of  IL-4.  The 
distribution  over  patients  of  the  maximal  response  and  of  the  maximizing  dose 
will  be  tabulated.  These  quantities  will  be  estimated  for  each  patient  under  an 
assumption  of  unimodal  dose  - response  curves.  Briefly,  a pooled-adjacent- 
violators  algorithm  will  be  used,  but  adapted  to  unimodal  rather  than  monotonic 
curves.  A formal  test  of  dose  - response  may  be  based  on  a permutation  test  whose 
statistic  is  an  aggregation  of  the  deviations  between  each  patient's  estimated 
maximum  and  his  or  her  average  level  of  infiltration.  Comparison  of  IL-4 
vaccinations  against  the  nontransduced  control  may  be  based  on  a similar 
strategy . 

A similar  approach  may  be  used  to  analyze  the  dose -response  relationship  for 
other  endpoints,  including  local  endothelial  activation  and  cytokine  production. 

11.4  Kinetics  of  T-Cell  Infiltration 

Serial  biopsies  of  secondary  vaccination  sites  on  days  15,  16,  18,  21,  and  28 
will  help  to  define  the  time  course  of  the  local  immune  response.  These  data 
will  be  analyzed  in  a manner  similar  to  that  described  in  11.3. 
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11.5  Clinical  Response 


The  limited  number  of  patients  to  be  accrued  (20)  together  with  their  varied 
histologies  (4)  will  limit  the  generalizability  of  the  response  rates  that  will 
be  observed.  Rates  of  response  will  be  tabulated  £nd  compared  to  relevant  norms, 
but  no  formal  statistical  analysis  will  be  carried  out. 

■12.0  ETHICAL  CONSIDERATIONS 

Dr.  Rosa  Lynn  Pinkus  (Medical  Ethics)  will  assist  in  developing  and  reviewing  all 
protocol  consent  documents  with  the  principal  investigators.  Every  attempt  will 
be  made  to  protect  the  patients'  and  their  family's  privacy.  Informed  consent 
in  this  project  is  considered  to  be  a process  of  shared  decision-making  between 
patient  and  physician.  All  written  consents  will  be  discussed  with  this  concept 
in  mind. 


13.0  RESPONSIBILITIES 

13.1  Consent-  Drs . Lotze  or  Rubin. 

13.2  Tumor  harvesting  from  lung-  Drs.  Ferson  or  Landrene.au 

13.3  Tumor  harvesting  from  subcutaneous  sites-  Drs.  Lotze,  Rubin,  Posner, 

or  Edington 

13.4  Biopsy  of  vaccination  sites-  Drs.  Lotze,  Rubin,  Posner,  or  Edington 

13.5  Preparation  of  tumor  cell  suspensions,  culturing  of  fibroblasts, 
retroviral  gene  transduction,  and  preparation  of  vaccine-  Immunologic 
Monitoring  and  Cellular  Therapy  Laboratories 

13.6  Administration  of  vaccine-  Drs.  Lotze,  Rubin,  Posner,  or  Edington 

13.7  Preparation  of  viral  supernatants  and  safety  testing-  GTI/PCI 

14.0  RISKS  AND  BENEFITS 

Systemic  interleukin-4  may  cause  flu- like  symptoms  such  as  fever,  chills, 
fatigue,  loss  of  appetite,  weight  loss,  headache,  nasal  congestion,  nausea, 
vomiting,  gastritis  or  gastric  ulcer,  and  diarrhea.  IL-4  may  cause  a lowering 
of  the  white  blood  cell  count  that  could  increase  the  risk  of  infection;  it  may 
cause  abnormal  elevation  of  liver  enzymes,  abnormal  kidney  function  and  low  blood 
pressure.  It  is  unlikely  that  any  of  these  toxicities  will  be  induced  by  the  low 
levels  of  IL-4  elaborated  locally  by  the  vaccine. 

Individual  patients  may  benefit  by  having  their  tumors  shrink  or  disappear. 
Symptoms  related  to  cancer  may  improve  if  shrinkage  of  tumor  is  achieved.  The 
population  of  patients  with  cancer  may  benefit  from  this  trial  which  may  define 
the  role  tumor  vaccines  using  cells  genetically  modified  to  produce  cytokines 
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such  as  IL-4 . 


If  there  are  serious  systemic  effects  of  the  IL-4  vaccine,  which  we  believe  are 
unlikely  to  occur,  the  vaccination  site  can  be  surgically  excised.  As  an 
additional  safety  factor,  fibroblasts  have  bean  shown  to  stop  producing 
transfected  gene  products  in  murine  models  after  two  weeks. 

15.0  COST  AND  PAYMENTS 

Patients  and/or  their  insurance  carriers  will  be  expected  to  pay  for  the  cost  of 
treatment  and  evaluation.  Every  effort  will  be  made  to  ensure  that  payment  will 
be  forthcoming  prior  to  enrolling  patients. 


16.0  TREATMENT  SCHEMA 


DAY 

VACCINATE 

BIOPSY 

BLOOD 

CXR 

PHYS  EXAM 


123^567  8//15 


X X 

X 

X XX 

X X 

XXX  X XX 


16  17  18  19  20  21  22/Z29 

XX  X XX 

X X 
X 

XX  X XX. 
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18.0  CONSENT  DOCUMENT 


/ / : Approval 

Biomedical  IRB 
University  of  Pittsburgh 

Page  1 


CONSENT  TO  ACT  AS  A SUBJECT  IN  AN  EXPERIMENTAL  STUDY 


TITLE : Gene  Therapy  of  Cancer:  A Pilot  Study  of  IL-4  Gene -Modified  Tumor 

Vaccines  (92-41) 

INVESTIGATORS : Michael  T.  Lotze,  M.D. 

Director  of  Surgical  Oncology 
Pittsburgh  Cancer  Institute 
Professor  of  Surgery 
University  of  Pittsburgh 
School  of  Medicine 
Pittsburgh,  PA  15261 
(412)  648-9489 

Joshua  T.  Rubin,  M.D. 

Assistant  Professor  of  Surgery 
University  of  Pittsburgh 
School  of  Medicine 
Pittsburgh  PA  15261 
(412)  648-9489 


DESCRIPTION: 

I have  been  invited  to  participate  in  a study  to  evaluate  the  benefit  of 
receiving  a vaccine  made  from  my  own  tumor  cells  and  skin.  I am  aware  that  my 
tumor  has  spread  beyond  the  limits  that  are  curable  by  surgery  or  other  standard 
treatments.  While  it  is  not  possible  to  predict  whether  I will  derive  any 
personal  benefit  from  my  participation  in  this  study,  information  may  be  derived 
that  will  be  helpful  to  others  with  similar  disease. 

Before  beginning  treatment,  my  physician  will  perform  a history  and  physical 
examination.  I will  have  blood  tests  (approximately  6 tablespoons  of  blood  will 
be  drawn),  a urinalysis,  a chest  x-ray,  an  electrocardiogram,  and  CT  or  MRI  scans 
performed.  Blood  will  be  drawn  on  days  0 (pre- treatment) , 7,  14,  21  and  28. 

I understand  that  in  order  to  prepare  the  vaccine,  one  or  several  tumors  must 
have  been  surgically  removed  from  my  body  during  prior  therapeutic  or  diagnostic 
procedures . This  will  be  performed  under  local  anesthesia  if  the  tumors  are  very 
accessible,  such  as  those  lying  in  or  just  under  the  skin.  If  no  such  tumor  is 
available,  I may  be  required  to  undergo  removal  of  tumor  from  my  lung.  This  will 
be  performed  under  general  anesthesia  by  inserting  a small  tube  called  a 
thoracoscope  into  my  chest  through  a small  incision.  One  or  2 additional  tubes 
may  be  inserted  so  that  a biopsy  can  be  performed  without  making  a large  incision 
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in  my  chest.  The  tumor(s)  that  has  been  removed  will  be  used  to  make  a vaccine. 
In  addition,  a small  piece  of  tissue  will  be  saved  for  examination  by  a 
pathologist . 

The  vaccine  will  also  consist  of  fibroblasts.  These  are  cells  that  normally 
reside  in  the  skin.  In  order  to  obtain  these  cells,  a small  piece  of  my  skin 
(1/2  inch  wide  and  2 inches  long)  will  be  removed  either  subsequently  at  the  same 
time  that  my  tumor(s)  was  excised.  When  enough  of  these  cells  have  been  obtained 
we  will  take  a mouse  virus,  put  into  this  virus  a cancer- fighting  human  gene,  and 
then  insert  the  virus  into  your  fibroblast  cells.  The  virus,  which  is  used 
strictly  as  a "transportation  system,"  will  also  contain  a bacterial  gene  which 
serves  as  a marker  so  we  can  locate  the  cancer- fighting  gene.  This  new  gene  will 
enable  your  fibroblast  skin  cells  to  make  a normal  human  protein  called 
interleukin-4,  which  is  usually  made  in  very  small  amounts  only  by  cells  of  my 
immune  system.  Interleukin-4  is  thought  to  stimulate  an  immune  response  to  the 
tumor  cells  in  the  vaccine.  This  immune  response  may  make  my  tumors  shrink. 

The  tumor  cells  and  the  fibroblasts  that  are  making  interleukin-4  will  be 
injected  into  my  skin  using  a very  small  needle  at  5 places  on  the  left  side  of 
my  lower  back.  Approximately  three  to  four  weeks  after  the  skin  biopsy  has  been 
obtained.  These  sites  will  be  marked  with  permanent  india  ink  so  that  their 
location  will  be  known.  Each  site  will  contain  different  amounts  of  cells  making 
different  doses  of  interleukin-4.  One  vaccination  will  not  make  any  interleukin- 
4 at  all.  I must  return  to  the  clinic  daily  for  5 days  after  these  injections 
for  the  purpose  of  evaluating  me  for  any  side  effects. 

Two  weeks  after  vaccination,  all  five  injection  sites  will  be  biopsied  under 
local  anesthesia  using  a 6mm  skin  punch  biopsy  knife.  These  biopsies  will 
require  1 or  2 skin  stitches  each.  The  pieces  of  skin  that  are  removed  will  be 
examined  for  evidence  that  the  vaccine  is  working. 

At  the  same  time,  I will  be  revaccinated  with  5 injections  into  the  skin  using 
the  highest  dose  of  interleukin-4  that  did  not  cause  problems  with  my  skin,  such 
as  ulceration  or  infection.  As  I did  after  the  first  set  of  injections,  I will 
visit  the  clinic  every  day  for  the  first  5 days  for  evaluation.  One,  2,  4,  7, 
and  14  days  after  revaccination,  a skin  biopsy  will  be  performed  again  to 
evaluate  the  reaction  to  each  vaccine.  As  before,  these  skin  biopsies  will  be 
done  under  local  anethesia  and  will  need  1 or  2 skin  stitches. 

Lastly,  I understand  that  I must  return  to  the  clinic  one  and  two  months  after 
the  second  vaccination  to  evaluate  my  progress. 

RISKS  AND  BENEFITS: 


The  potential  benefit  of  this  treatment  lies  in  the  possibility  that  my  tumor 
will  shrink  or  disappear.  If  this  happens,  I may  or  may  not  live  longer. 
Symptoms  caused  by  my  tumors  may  get  better  after  therapy. 

There  is  a small  risk  associated  with  skin  biopsy  that  includes  infection  and 
bleeding.  Both  of  these  complications  are  easily  treated.  There  is  also  risk 
associated  with  lung  biopsy  performed  under  general  anesthesia  through  a 


Patient's  Signat-nrp 


[516] 


Recombinant  DNA  Research,  Volume  16 


thoracoscope.  This  includes  bleeding,  infection,  and  collapse  of  the  lung.  All 
of  these  complications  are  unusual  and  are  easily  treated.  The  risks  of  general 
anesthesia  are  minimal  and  include  pneumonia  and  heart  attack.  I may  have  to 
stay  in  the  hospital  3-4  days  after  this  procedure. 

The  risks  of  vaccination  with  my  own  tumor  cells  may  include  a soreness  at  the 
injection  site.  Local  inflammation  and  /or  discomfort  due  to  lymph  node 
enlargement  may  occur.  On  occasion,  persons  reacting  strongly  to  the  vaccine 
might  develop  local  ulceration  or  infection. 

Interleukin-4  may  cause  flu- like  symptoms,  elevation  of  liver  enzymes,  fatigue, 
loss  of  appetite,  weight  loss,  headache,  nasal  congestion,  nausea,  vomiting, 
stomach  ulcers,  and  diarrhea.  IL-4  may  cause  a lowering  of  the  white  blood  cell 
count  that  could  increase  the  risk  of  infection;  it  may  cause  abnormal  kidney 
function  and  low  blood  pressure. 

There  is  a slight  risk  that  this  treatment  may  cause  a second  cancer  in  my  body, 
although  the  chance  of  this  is  low.  The  tumor  cells  and  fibroblasts  will  be 
pretreated  with  X-rays  to  prevent  their  growth  after  being  injected  into  my  skin. 
The  mouse  virus  used  to  put  a new  gene  into  my  fibroblasts  has  been  treated  in 
such  a way  that  it  is  nearly  impossible  that  it  could  infect  other  cells  in  my 
body  or  cause  a new  tumor  to  grow. 

ALTERNATIVE  TREATMENTS: 


Alternatives  that  could  be  considered  in  my  treatment  include  experimental 
chemotherapeutic  drugs  alone  or  in  combination.  The  principal  investigators  of 
this  study  have  provided  me  with  detailed  information  about  my  disease,  and  the 
benefits  and  risks  of  other  available  treatments.  I should  feel  free  to  discuss 
my  disease  and  my  prognosis  with  the  investigators. 

The  physician  involved  in  my  care  will  be  available  to  answer  any  questions  I may 
have  regarding  this  program. 

NEW  INFORMATION: 

Any  new  information  that  comes  to  the  attention  of  the  investigators  during  the 
course  of  this  research  that  might  affect  mv  choice  to  continue  as  a research 
subject  will  be  provided  to  me.  This  includes  new  information  about  the  nature 
of  the  experimental  procedure  or  the  physical  reactions  experienced  by  other 
patients  involved  in  this  study. 

COSTS  AND  PAYMENTS: 


The  vaccine,  special  research  blood  tests,  clinic  visits,  and  vaccine  biopsies 
required  for  this  study  will  be  provided  to  me  at  no  charge.  All  other 
laboratory,  physician,  or  hospital  costs  not  related  to  the  performance  of 
research  during  this  treatment  protocol,  including  thoracoscopic  removal  of  lung 
metastases  and  admission  to  the  hospital  for  complications  of  therapy,  will  be 
charged  to  me  or  my  insurance  company.  I have  been  informed  of  the  possible  cost 
of  treatment  on  this  protocol,  although  I understand  that  this  is  only  an 
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estimate . 


CONFIDENTIALITY: 

A record  of  my  program  while  on  the  study  will  be  kept  in  a confidential  form  in 
the  Pittsburgh  Cancer  Institute.  During  reviews  of  this  data,  which  are  required 
by  the  Food  and  Drug  Administration  as  well  as  the  National  Cancer  Institute, 
access  will  be  provided  to  my  medical  records  that  might  reveal  my  identity.  In 
addition,  the  sponsor  of  this  protocol  will  have  access  to  my  medical  records 
that  contain  information  regarding  my  identify.  My  medical  records  may  be 
reviewed  by  qualified  members  of  the  Pittsburgh  Cancer  Institute.  Copies  of 
information  contained  in  my  record,  such  as  laboratory  test  results,  will  be  made 
for  my  research  record.  However,  no  information  by  which  I can  be  identified 
will  be  released  or  published. 

My  signature  on  the  Consent  Form  indicates  my  understanding  that  my  research 
records,  like  hospital  records,  may  be  subpoenaed  by  court  order.  I consent  to 
publication  of  the  results  of  this  study,  so  long  as  I am  not  identifiable  by 
name  in  such  publications. 

RIGHT  TO  WITHDRAW: 

Participation  in  this  study  is  voluntary.  I am  free  to  withdraw  my  consent  to 
participate  in  this  treatment  program  at  any  time  without  prejudice  to  my 
subsequent  care.  We  would  however  strongly  urge  you  not  to  withdraw  so  that  you 
can  safely  be  observed,  especially  during  the  period  immediately  after  the 
vaccinations.  I realize  that  I should  receive  careful  medical  followup  of  the 
vaccine  sites.  If  I withdraw  from  the  study  I should  have  other  physicians 
involved  in  my  care  notified  of  this  treatment.  Refusing  to  participate  will 
involve  no  penalty  or  loss  of  benefits.  I am  free  to  seek  care  from  a physician 
of  my  choice  at  any  time. 

COMPENSATION  FOR  ILLNESS  OR  INJURY: 

I understand  that  in  the  event  of  physical  injury  or  illness  resulting  from  this 
research  procedure  no  monetary  compensation  will  be  made  or  provision  for  long 
term  medical  care.  Any  immediate  emergency  medical  treatment  including 
hospitalization  that  may  be  necessary  will  however  be  made  available  to  me  and 
provided  by  the  University  of  Pittsburgh  Medical  Center  (UPMO . Payment  not 
available  through  health  care  coverage  will  be  paid  for  by  the  UPMC  for  acute 
injuries  due  to  the  experimental  treatment. 
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VOLUNTARY  CONSENT: 


I certify  that  I have  read  the  preceding,  or  that  it  has  been  read  to  me,  and  I 
understand  its  contents.  Any  questions  I have  pertaining  to  the  research  have 
been,  and  will  be  answered  by  Dr.  Lotze  or  Dr.  Rubin.  Any  questions  I have 
regarding  my  rights  as  a research  subject  will  be  answered  by  the  Office  of  the 
Senior  Vice  President,  Health  Sciences.  A copy  of  this  Consent  Form  will  be 
given  to  me.  My  signature  below  means  that  I have  freely  agreed  to  participate 
in  this  experimental  study. 


Date  Patient's  Signature 

I certify  that  I have  explained  to  the  above  individual  the  nature  and  purpose, 
the  potential  benefits,  and  possible  risks  associated  with  participating  in  this 
research  study,  have  answered  any  questions  that  have  been  raised,  and  have 
witnessed  the  above  signature. 


Date  Investigator's  Signature 


Witness 
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May  28,  1992 


APPENDIX  C 

ABSTRACT  OF  PROTOCOL 


This  protocol  is  a study  of  patients  with  advanced  cancer  who  have  failed  standard 
therapy.  In  an  attempt  to  increase  the  patient’s  immune  response  to  the  tumor,  the 
interleukin-4  (IL-4)  gene  will  be  introduced  into  a fibroblast  line  established  from  the 
patient.  These  gene-modified  fibroblasts  mixed  with  autologous  tumor  cells  will  then  be 
injected  into  the  back  of  the  patient.  This  injection  will  augment  the  immune  responses 
of  the  patient  because  a subcutaneous  location  will  be  utilized  as  well  as  the  immune 
stimulatory  effects  of  the  IL-4  secreted  by  the  gene  modified  fibroblasts.  To  further 
evaluate  the  immune  system  of  the  patient  to  fight  their  tumor,  stimulated  lymphocytes  will 
be  cultured  from  the  injected  tumor  itself.  These  lymphocytes  will  be  expanded  in  vitro 
and  studied  in  a number  of  ways.  Animal  models  have  shown  that  the  injection  of  gene 
modified  tumor  cells  has  important  antitumor  effects.  A second  series  of  injections  will  be 
carried  out  two  weeks  later.  Multiple  biopsies  of  injected  sites  will  be  obtained  after  each 
immunization. 

The  patients  will  be  evaluated  for  antitumor  effects  engendered  by  the  injection  of 
the  gene  modified  fibroblasts  mixed  with  tumor  cells  themselves.  The  injection  of  gene 
modified  fibroblasts  mixed  with  tumor  cells  may  serve  to  "immunize"  the  patient  to  their 
tumor  and  may  be  amenable  to  use  in  a wide  variety  of  tumor  types,  especially  those  that 
are  poorly  immunogenic.  This  protocol  may  also  increase  the  effectiveness  of  active 
immunotherapy  as  well  as  expand  the  use  of  subsequent  administration  of  IL-2  to  patients 
with  other  malignancies  not  currently  amenable  to  immunotherapy. 
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APPENDIX  D 

NONTECHNICAL  ABSTRACT  OF  PROTOCOL 


Many  patients  have  advanced  cancer  that  has  not  responded  to  standard 
therapies.  For  these  patients,  a new  approach  to  treat  their  cancer  (tumor)  will  be  tested. 
Animal  studies  have  been  done  using  cancer  cells  into  which  a cancer  fighting  gene  has 
been  placed.  When  these  modified  cancer  cells  are  returned  to  the  animal  the  animal  can 
fight  the  cancer  cells  better.  The  returning  of  the  gene  modified  cancer  cells  can  be 
helpful  in  fighting  the  cancer  cells  in  several  ways. 

1 . Injecting  tumor  cells  under  the  skin  has  shown  to  increase  the  responses  of  the 
animal’s  white  cells  in  fighting  the  tumor  cells. 

2.  Before  returning  the  cancer  cells,  they  can  be  mixed  with  the  patients  own  normal 
cells  made  to  release  a potent  white  cell  activating  factor  (interleukin  4)  by  placing 
the  gene  for  interleukin-4  into  the  normal  cells  mixed  with  the  tumor  cells.  If  these 
gene  modified  cells  are  used,  the  release  of  interleukin-4  by  the  normal  cells  mixed 
with  the  cancer  cells  further  increases  the  ability  of  the  animal’s  white  cells  to  fight 
the  cancer  cells  by  activating  these  white  cells. 

This  protocol  is  designed  to  mimic  the  results  obtained  with  the  animals. 

Patients  with  cancer  who  have  not  responded  to  therapy  will  have  a piece  of  their  cancer 
cut  out  as  well  as  a piece  of  skin  and  brought  to  the  laboratory.  In  the  laboratory  the  skin 
cells  will  be  grown.  The  interleukin-4  gene  will  be  put  into  the  patient’s  normal  cells 
(fibroblasts)  grown  from  the  skin.  The  patient’s  cancer  cells  are  are  then  mixed  with  the 
cells  producing  interleukin-4.  These  cancer  cells  and  fibroblasts  are  then  injected  under 
the  skin  of  the  patient.  In  a few  weeks  white  cells  are  removed  from  the  area  of  injected 
cancer  cells  and  grown  to  large  numbers  in  the  laboratory  in  the  presence  of  interleukin-2 
and  interleukin-4for  special  studies.  During  this  time  and  afterwards  the  patient  is  watched 
for  signs  that  the  therapy  may  be  helping  destroy  their  cancer.  Since  this  therapy  is  new, 
it  is  not  known  how  well  it  will  work  in  people.  The  patients  will  also  be  watched  for 
possible  harmful  effects  from  the  therapy.  After  many  patients  with  many  different  kinds 
of  cancer  have  this  new  therapy,  the  doctors  will  be  able  to  tell  how  safe  this  new  therapy 
is  and  begin  to  assess  how  well  it  works. 
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DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

National  Institutes  of  Health 

Recombinant  DNA  Advisory 
Committee;  Meeting 

Pursuant  to  Public  Law  92-463,  notice 
is  hereby  given  of  a meeting  of  the 
Recombinant  DNA  Advisory  Committee 
on  December  3-4, 1992.  The  meeting  will 
be  held  at  the  National  Institutes  of 
Health  (NIH),  Building  1,  Third  Floor. 
Wilson  Hall.  9GG0  Rockville  Pike, 
Bethesda.  Maryland  20892,  starting  at 
approximately  9 a.m.  on  December  3, 
1992,  to  adjournment  at  approximately  5 
p.m.  on  December  4, 1992.  The  meeting 
will  be  open  to  the  public  to  discuss  the 
following  proposed  actions  under  the 
NIH  Guidelines  for  Research  Involving 
Recombinant  DNA  Molecules  (51  FR 
16958): 

Proposed  Major  Actions  to  the  NIH 
Guidelines;  Four  additions  to  Appendix 
D of  the  NIH  Guidelines  Regarding 
Human  Gene  Therapy/Gene  Transfer 
Protocols;  Amendments  to  the  Points  to 
Consider  in  the  Design  and  Submission 
of  Protocols  for  the  Transfer  of 
Recombinant  DNA  into  the  Genome  of 
Human  Subjects  regarding  (1)  Reporting 
Requirements  for  Human  Gene 
Transfer/Gene  Therapy  Protocols,  and 
(2)  the  separation  of  Gene  Marking 
Information  Consent  Document  from  the 
Therapeutic  Informed  Consent  - 
Documents;  Discussion  regarding  Costs 
Associated  with  Treatment  for 
Research-Related  Injuries;  Report  on 
Murine  Replication-Competent 
Retrovirus  (RCR)  Assays;  Other  Matters 
to  Be  Considered  by  the  Committee.  : 

Attendance  by  the  public  will  be 
limited  to  space  available.  Members  of 
the  public  wishing  to  speak  at  this 
meeting  may  be  given  such  opportunity 
at  the  discretion  of  the  Chair. 

Dr.  Nelson  A.  Wivel,  Director,  Office 
of  Recombinant  DNA  Activities,  ' 
National  Institutes  of  Health,  Building 
31.  room  4B11,  Bethesda,  Maryland 
20892,  Phone  (301)  496-9838,  FAX  (301) 
496-9839,  will  provide  materials  to  be  . 
discussed  at  this  meeting,  roster  of . 
committee  members,  and  substantive 
program  information.  A summary  of  the 
meeting  will  be  available  at  a later  date, 

OMB’s  “Mandatory  Information 
Requirements  for  Federal  Assistance 
Program  Announcements”  (45  FR  39592. 
June  11, 1980)  requires  a statement  . 
concerning  the  official  government 
programs  contained  in  the  Catalog  of 
Federal  Domestic  Assistance.  Normally, 
NIH  lists  in  its  announcements  the 
number  and  tide  of  affected  individual 
programs  for  the  guidance  of  the  public. 


Because  the  guidance  in  this  notice 
covers  not  only  virtually  every  NIH 
program  but  also  essentially  every 
Federal  research  program  in  which  DNA 
recombinant  molecule  techniques  could 
be  used,  it  has  been  determined  not  to 
be  cost  effective  or  in  the  public  interest 
to  attempt  to  list  these  programs.  Such  a 
list  would  likely  require  several 
additional  pages.  In  addition.  NIH  could 
not  be  certain  that  every  Federal 
program  would  be  included  as  many 
Federal  agencies,  as  well  as  private  . 
organizations,  both  national  and 
international,  have  elected  to  follow  the 
NIH  Guidelines.  In  lieu  of  the  individual 
program  listing,  NIH  invites  readers  to 
direct  questions  to  the  information 
address  above  about  whether  individual 
programs  listed  in  the  Catalog  of  Federal 
Domestic  Assistance  are  affected. 

Dated:  October  23, 1992. 

Susan  K,  Feldman. 

Committee  Management  Officer.  NIH. 

(FR  Doc.  92-25484  Filed  10-30-92:  8:45  am| 
BILLING  COO£  4140-01-M 


DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

Recombinant  DNA  Research; 

Proposed  Actions  Under  the 
Guidelines 

AGENCY:  National  Institutes  of  Health. 
PHS.DHHS. 

ACTION:  Notice  of  Proposed  Actions 
Under  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules 
(51  FR  16958).  ' . 

SUMMARY;  This  notice  sets  forth 
proposed  actions  to  be  taken  under  the 
-National  Institutes  of  Health  (NIH)' 
Guidelines  for  Research  Involving 
Recombinant  DNA  Molecules. 

Interested  parties  are  invited  to  submit 
comments,  concerning  these  proposals. 
These  proposals  will  be  considered  by 
the  Recombinant  DNA  Advisory 
Committee  (RAC)  at  its  meeting  on 
December  3-4, 1992.  After  consideration 
of  these  proposals  and  comments  by  the 
RAG,  the  Director  of  the  National  - 
Institutes  of  Health  will  issue  decisions 
in  accordance  with  the  NIH  Guidelines. 
DATES:  Comments  received  by  - 
November  19, 1992.  will  be  reproduced 
and  distributed  to  the  RAC  for 
consideration  at  its  December  3-4. 1992. 
meeting. 

ADDRESSES:  Written  comments  and 
recommendations  should  be  submitted 
-to  Dr.  Nelson  A.  Wivel,  Director.  Office 
■ of  Recombinant  DNA  Activities 
(ORDA).  Building  31,  room  4B11, 

National  Institutes  of  Health.  Bethesda. 


Maryland  20892.  or  sent  by  FAX  to  301- 
496-9839. 

All  comments  received  in  timely 
response  to  this  notice  will  be 
considered  and  will  be  available  for 
public  inspection  in  the  above  office  on 
weekdays  between  the  hours  of  8:30 
a m.  and  5 p.m. 

FOR  FURTHER  INFORMATION  CONTACT: 

Background  documentation  and 
additional  information  can  be  obtained 
from  the  Office  cf  Recombinant  DNA 
Activities.  Building  31.  room  4B11. 
National  Institutes  of  Health.  Bethesda. 
Maryland  20892.  (301)  496-9838. 
SUPPLEMENTARY  INFORMATION:  The  NIH 
will  consider  the  following  actions 
under  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules: 

I.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Therapy  Protocol/Dr.  O’Shaughnessy 

In  a letter  dated  September  9. 1992,  a 
letter  was  received  indicating  the 
intention  of  Dr.  Joyce  A.  O'Shaughnessy. 
National  Institutes  of  Health,  Bethesda. 
Maryland,  to  submit  a human  gene 
therapy  protocol  to  the  Recombinant 
DNA  Advisory  Committee  for  formal 
review  and  approvaL  The  title  of  this 
protocol  is:  Retroviral  Mediated 
Transfer  of  the  Human  Multi-Drug 
Resistance  Gene  (MDR-1)  into 
Hematopoietic  Stem  Cells  During 
Autologous  Transplantation  after 
Intensive  Chemotherapy  for  Breast 
Cancer. 

IL  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Therapy  Protocol/Dr.  Crystal 

In  a letter  dated  October  7, 1992,  Dr. 
Ronald  G.  Crystal,  National  Institutes  of 
Health,  Bethesda,  Maryland,  submitted 
a human  gene  therapy  protocol  to  the 
Recombinant  DNA  Advisory  Committee 
for  formal  review  and  approval.  The  title 
of  this  protocol  is:  Gene  Therapy  of  the 
Respiratory  Manifestations  of  Cystic 
Fibrosis  using  a Replication  Deficient. 
Recombinant  Adenovirus  to  Transfer 
the  Normal  Human  Cystic  Fibrosis 
Transmembrane  Conductance  Regulator 
cDNA  to  the  Airway  Epithelium. 

. III.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Therapy  Protocol/Dr.  Welsh 

In  a letter  dated  October  5. 1992,  Dr. 
Michael  J.  Welsh,  Howard  Hughes 
Medical  Institute  Research  Laboratories. 
Iowa  City,  Iowa,  submitted  a human 
gene  therapy  protocol  to  the 
Recombinant  DNA  Advisory  Committee 
for  formal  review  and  approval.  The  title 
- of  this  protocol  is:  Cystic  Fibrosis  Gene 
Therapy  Using  an  Adenovirus  Vector  In 
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Vivo  Safety  and  Efficacy  in  Nasal 
Epithelium. 

IV.  Addition  to  Appendix  D of  the  NIH 
Guidelines  Regarding  a Human  Gene 
Therapy  Protocol/Dr.  Wilson 

In  a letter  dated  October  8. 1992,  Dr. 
lames  M.  Wilson,  University  of 
Michigan  Medical  Center,  Ann  Arbor, 
Michigan,  submitted  a human  gene 
therapy  protocol  to  the  Recombinant 
DNA  Advisory  Committee  for  formal 
review  and  approval.  The  title  of  this 
protocol  is:  Gene  Therapy  of  Cystic 
Fibrosis  Lung  Diseases  Using  El  Deleted 
Adenoviruses:  A Phase  I Trial. 

V.  Amendment  to  the  Points  To 
Consider  in  the  Design  and  Submission 
of  Protocols  for  the  Transfer  of 
Recombinant  DNA  Into  the  Genome  of 
Human  Subjects  Regarding  Reporting 
Requirements  for  Human  Gene 
Transfer/Gene  Therapy  Protocols 

The  Points  to  Consider  (March  1, 1990, 
55  FR  7447)  states  under  Part  IV — 
Reporting  Requirements  that: 

"B.  Reports  regarding  the  general 
progress  of  patients  should  be  filed  with 
both  your  locals  IRB  and  ORDA  within 
six-months  of  the  commencement  of  the 
experiment  and  at  six-month  intervals 
thereafter.  These  twice-yearly  reports 
should  continue  for  a sufficient  period  of 
time  to  allow  observation  of  all  major 
effects.  In  the  event  of  a patient’s  death, 
a summary  of  thp  special  post-mortem 
studies  and  statement  of  the  cause  of 
death  should  be  submitted  to  the  IRB 
and  ORDA,  if  available.” 

Dr.  Brigid  Leventhal,  Chair  of  Working 
Group  on  Data  Management,  will 
provide  a summary  of  the  reports 
submitted  to  ORDA  by  the  principal 
investigators  of  NIH/RAC  approved 
protocols,  and  make  recommendations 
regarding  actions  to  be  taken  in  the 
event  of  non-reporting. 

VI.  Amendment  to  the  Points  To 
Consider  Regarding  the  Separation  of 
Gene  Marking  Information  Consent 
Document  From  the  Therapeutic 
Informed  Consent  Documents 

During  the  September  14-15, 1992, 

RAC  meeting,  Dr.  Leonard  Post 
requested  that  when  a gene  transfer 
protocol  is  submitted  as  an  addition  to  a 
therapeutical  protocol,  the  principal 
investigator  should  submit  two  separate 
informed  consent  documents,  one  for  the 
gene  marking  portion  and  one  for  the 
therapeutic  portion  of  the  protocol.  In 
the  Points  to  Consider,  Part  I-D — 
Informed  Consent  (March  1. 1990,  55  FR 
7446),  a new  sentence  would  be  added 
to  the  introductory  paragraph: 

“When  gene  transfer  is  a procedure 
separate  from  the  therapeutic  protocol, 


an  informed  consent  document  should 
be  submitted  for  both  the  gene  marking 
and  therapeutic  procedures." 

VII.  Discussion  Regarding  Costs 
Associated  With  Treatment  for 
Research-Related  Injuries 

The  issue  of  payment  for  costs 
associated  with  research-related  injury 
is  becoming  a matter  of  increased 
concern  for  some  members  of  the  RAC. 
During  the  Human  Gene  Therapy 
Subcommittee  meeting  on  November  21- 
22, 1991,  Ms.  Abbey  S.  Meyers  and  Dr. 
Doris  T.  Zallen  released  a statement 
that  any  requirement  that  a patient/ 
subject  pay  all  costs  associated  with 
treatment  for  research-related  injuries 
unacceptable.  Recombinant  DNA 
research  applied  to  humans  (e.g.,  gene 
therapy,  gene  transfer,  gene  marking)  is 
a new  area  of  investigation.  The  likely 
consequences  of  the  research  are  not  yet 
known.  It  is  unfair  to  expect  individuals, 
their  families,  or  their  insurers  to  absorb 
unpredictable  and  potentially  significant 
costs  arising  out  of  their  participation  as 
research  subjects — especially  in 
experiments  from  which  they, 
themselves  can  derive  no  benefit.  At  a 
minimum,  research  sponsors  or  their 
institutions  should  be  responsible  for 
such  costs.  Ms.  Meyers  and  Dr.  Zallen 
stated  that  it  would  be  appropriate  for 
the  National  Institutes  of  Health  to 
establish  uniform  standards  for  payment 
of  medically-related  costs  for  injuries 
arising  out  of  non-therapeutic 
biomedical  research  on  humans. 

During  the  September  14-15, 1992, 

RAC  meeting,  Dr.  Charles  McCarthy, 
Kennedy  Institute  of  Ethics,  Georgetown 
University,  made  a presentation  on 
Financial  Obligation  of  Research 
Institutions  to  Patients  Who  Participate 
in  Clinical  Research  Protocols.  This 
presentation  was  presented  in  the 
context  of  the  Cede  of  Federal 
Regulations  (45  CFR  46)  relating  to  the 
part  protection  of  human  subjects.  Dr. 
Zallen  suggested  that  the  RAC  forward 
a letter  to  thlTDirector,  NIH.  The  RAC 
will  consider  uniformed  standards  for 
the  payment  of  medically  related  costs 
for  injury  arising  out  of  non-therapeutic 
biomedical  research. 

VIII.  Amendment  to  the  Points  To 
Consider  Regarding  Safety  of  Delivery  / 
Expression  Systems  and  Report  on 
Murine  Replication-Competent 
Retrovirus  (RCR)  Assays 

During  the  September  14-15, 1992, 

RAC  meeting,  there  was  a discussion 
regarding  requirements  for  the  assays  of 
replication-competent  retrovirus  in 
vector  supernatants.  In  the  Points  To 
Consider  (March  1, 1990,  55  FR  7445),  it 
states: 
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"I.  Description  of  Proposal  * * *. 

"B.  Research  design,  anticipated  risks,  ! 
and  benefits  * * *. 

"2.  Preclinical  studies,  including  risk 
assessment  studies  * * *. 

"c.  Laboratory  studies  pertaining  to 
the  safety  of  the  delivery/expression  | 
system. 

“(1)  If  a retroviral  system  is  used: 

* • * 

“(b)  How  stable  are  the  retroviral  . 
vector  and  the  resulting  provirus  against 
loss,  rearrangement,  recombination,  or 
mutation?  What  information  is  available 
on  how  much  rearrangement  of 
recombination  with  endogenous  or  other 
viral  sequences  is  likely  to  occur  in  the 
patient’s  cells?  What  steps  have  been 
taken  in  designing  the  vector  to 
minimize  instability  or  variation?  Whal 
laboratory  studies  have  been  performed 
to  check  for  stability,  and  what  is  the 
sensitivity  of  the  analyses?  * * *. 

"(e)  Has  a protocol  similar  to  the  one 
proposed  for  a clinical  trial  been  carried 
out  in  non-human  primates  and/or  other 
animals?  What  were  the  results? 
Specifically,  is  there  any  evidence  that 
the  retroviral  vector  has  recombined 
with  any  endogenous  or  other  viral 
sequences  in  the  animals?" 

The  recommended  assays  for 
detecting  the  presence  of  adventitious 
agents,  including  replication-competent 
retroviruses  (RTR)  has  evolved  as  the 
RAC  has  gained  experience  in  the 
review  and  approval  of  human  gene 
transfer/therapy  protocols.  As  the 
number  of  protocols  has  increased,  so 
have  the  requirements  for  minimal 
detectable  levels  of  these  agents  in 
vector  supernatant  preparations.  The 
Points  To  Consider  require  the 
investigator  to  provide  evidence  that 
vector  constructs  are  stable  in  vitro  and 
in  vivo. 

Since  it  is  very  important  that 
retroviral  vectors  be  free  of  RCR,  it  is 
important  to  quantitate  the  relative 
safety  margin  afforded  by  the  assay 
systems  used.  To  confirm  that  this 
safety  margin  is  adequate,  the  RAC  will 
discuss  specific  assay  requirements  and 
minimal  levels  of  detection  for  possible 
inclusion  in  the  Points  To  Consider. 

Drs.  W.  French  Anderson,  National 
Institutes  of  Health,  Bethesda, 

Maryland;  Gerard  J.  McGarrity,  Genetic 
Therapy,  Inc.,  Gaithersburg,  Maryland; 
and  Robert  Moen,  Genetic  Therapy,  Inc., 
Gaithersburg,  Maryland,  submitted  a 
Report  on  Murine  Replication — 
Competent  Retrovirus  (RCR)  Assays. 

OMB's  "Mandatory  Information  . 
Requirements  for  Federal  Assistance 
Program  Announcements"  (45  FR  39592, 
June  11, 1980)  requires  a statement 
concerning  the  official  government 
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programs  contained  in  the  Catalog  of 
Federal  Domestic  Assistance.  Normally, 
NIH  lists  in  its  announcements  the 
number  and  title  of  affected  individual 
programs  for  the  guidance  of  the  public. 
Because  the  guidance  in  this  notice 
covers  not  only  virtually  every  NIH 
program  but  also  essentially  every 
Federal  research  program  in  which  DNA 
recombinant  molecule  techniques  could 
be  used,  it  has  been  determined  not  to 


be  cost  effective  or  in  the  public  interest 
to  attempt  to  list  these  programs.  Such  a 
list  would  likely  require  several 
additional  pages.  In  addition,  NIH  could 
not  be  certain  that  every  Federal 
program  would  be  included  as  many 
Federal  agencies,  as  well  as  private 
organizations,  both  national  and 
international  have  elected  to  follow  the 
NIH  Gtrkfefines.  hr  Keu  of  the  rmfividuai 
program  listing,  NIH  invites  readers  to 


direct  questions  to  the  information 
address  above  about  whether  individual 
programs  listed  in  the  Catalog  of 
Federal  Domestic  Assistance  are 
affected. 

Jay  Moskowitz, 

Associate  Director  for  Science  Policy  and 
Legislation.  NIH. 

[FR  Doc.  92-26485  Tiled  10-30-92;  6:45  amj 
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DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
PUBLIC  HEALTH  SERVICE 
NATIONAL  INSTITUTES  OF  HEALTH 

RECOMBINANT  DNA  ADVISORY  COMMITTEE 

MINUTES  OF  MEETING1 

December  3-4,  1992 

The  Recombinant  DNA  Advisory  Committee  (RAC)  was  convened  for  its  fifty-first 
meeting  at  9:00  a.m.  on  December  3,  1992,  at  the  National  Institutes  of  Health,  Building 
1,  Wilson  Hall,  9000  Rockville  Pike,  Bethesda,  Maryland  20892.  Dr.  Barbara  E.  Murray 
(Chair)  presided.  In  accordance  with  Public  Law  92-463,  the  meeting  was  open  to  the 
public.  The  following  were  present  for  all  or  part  of  the  meeting: 
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*The  RAC  is  advisory  to  the  National  Institutes  of  Health  (NIH),  and  its 
recommendations  should  not  be  considered  as  final  or  accepted.  The  Office  of 
Recombinant  DNA  Activities  should  be  consulted  for  NIH  policy  on  specific 
issues. 
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Executive  secretary: 

Nelson  A.  Wivel,  National  Institutes  of  Health 

A committee  roster  is  attached  (Attachment). 
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CALL  TO  ORDER 

Dr.  Murray  (Chair)  called  the  meeting  to  order.  She  noted  that  the  notice  of  meeting 
was  published  in  the  Federal  Register  15  days  prior  to  December  3 as  required  by  the 
National  Institutes  of  Health  Guidelines  for  Research  Involving  Recombinant  DNA 
Molecules  (NIH  Guidelines).  The  RAC  serves  as  advisor  to  the  NIH  Director.  The 
Director  may  accept,  reject,  or  send  the  RACs  recommendations  back  to  the  committee 
for  further  deliberation. 

Dr.  Murray  stated  that  a quorum  was  present  and  outlined  the  order  in  which  speakers 
would  be  recognized.  The  primary  and  secondary  reviewers  will  present  their  reviews  of 
the  protocol,  followed  by  responses  from  the  principal  investigators  of  the  protocols. 

The  Chair  will  then  recognize  other  RAC  members,  ad  hoc  consultants,  other  NIH  and 
Federal  employees,  the  public  who  have  submitted  written  statements  prior  to  the 
meeting,  followed  by  the  public  at  large. 

MINUTES  OF  THE  SEPTEMBER  14-15,  1992,  MEETING 

Dr.  Murray  called  on  Dr.  Doi  to  review  the  minutes  of  the  September  14-15,  1992, 
meeting  of  the  RAC.  Dr.  Doi  stated  that  the  minutes  were  an  accurate  reflection  of  the 
committee's  deliberations. 

For  the  purpose  of  clarification,  Dr.  Doi  inquired  about  the  final  review  of  protocols  that 
have  received  approval  contingent  on  the  submission  of  additional  information.  Do  the 
RAC  members  have  the  primary  responsibility  for  the  review  of  this  additional 
information  before  the  protocol  can  be  initiated?  Dr.  Wivel  responded  that  the  primary 
reviewers  of  the  protocol  are  responsible  for  the  review  and  approval  of  the  additional 
material.  Dr.  Wivel  stated  that  additional  information  could  be  forwarded  to  all  RAC 
members  if  requested.  Dr.  Dronamraju  concurred  with  Dr.  Doi  regarding  the  accuracy 
of  the  minutes  noting  one  minor  correction. 

A motion  was  made  by  Dr.  Doi  and  seconded  by  Dr.  Dronamraju  to  approve  the 
September  14-15,  1992,  RAC  minutes.  The  motion  passed  by  a vote  of  16  in  favor,  0 
opposed,  and  no  abstentions. 

PROPOSED  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING 
A HUMAN  GENE  THERAPY  PROTOCOL  ENTITLED:  RETROVIRAL  MEDIATED 
TRANSFER  OF  THE  HUMAN  MULTI-DRUG  RESISTANCE  -1  GENE  INTO 
HEMATOPOIETIC  STEM  CELLS  DURING  AUTOLOGOUS  TRANSPLANTATION 
AFTER  INTENSIVE  CHEMOTHERAPY  FOR  BREAST  CANCER /DR. 
O'SHAUGHNESSY 
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Review-Dr.  Leventhal 

Dr.  Murray  called  on  Dr.  Leventhal  to  present  her  primary  review  of  the  protocol 
submitted  by  Dr.  Joyce  O'Shaughnessy  of  the  National  Institutes  of  Health,  Bethesda, 
Maryland.  Dr.  Leventhal  summarized  the  objectives  of  the  protocol.  This  protocol  is 
designed  to  determine:  (1)  the  effect  of  high  dose  chemotherapy  and  multi-drug 
resistance-one  (MDR-1)  transduced  hematopoietic  stem  cells  on  autologous  bone 
marrow  (ABM)  engraftment,  (2)  the  potential  of  MDR-1  to  be  used  as  a dominant 
selectable  marker,  and  (3)  if  MDR-1  expression  in  ABM  cells  provides  protection  against 
chemotherapy-induced  myelosuppression.  Patient  eligibility  will  be  limited  to  individuals 
with  biologically  documented  metastatic  breast  cancer  who  have  demonstrated  either 
complete  or  partial  response  to  conventional  chemotherapy  and  who  have  no 
demonstrable  tumor  cells  in  their  bone  marrow. 

Patients  will  initially  receive  a single  dose  of  both  Cytoxan  and  granulocyte  colony 
stimulating  factor  (G-CSF).  When  the  patient's  peripheral  blood  cell  count  reaches  2 x 
103  cells  per  milliliter  (ml),  peripheral  blood  stem  cells  (PBSC)  will  be  harvested  daily 
until  10  nucleated  cells  per  kilogram  body  weight  have  been  harvested.  Two  weeks 
following  PBSC  harvest,  the  ABM  cells  will  be  harvested.  Seventy  percent  of  these 
ABM  cells  will  be  cryopreserved,  and  the  remaining  30%  will  be  transduced  with  the 
MDR-1  gene.  Following  ABM  harvest,  patients  will  receive  maximally  tolerated  doses  of 
the  chemotherapy  agents  ifosfamide,  carboplatin,  and  etoposide  (ICE)  with  MESNA. 
Following  chemotherapy,  patients  will  be  reinfused  with  their  cryopreserved  cells;  and 
the  MDR-1  transduced  cell  population.  Patients  who  demonstrate  residual  disease  will 
receive  either  taxol  or  vinblastine.  ABM  sampling  will  be  performed  periodically  to 
monitor  for  the  presence  of  the  MDR-1  gene.  Any  recurrent  tumor  will  be  assayed  for 
the  presence  of  the  MDR-1  gene.  In  summary,  the  investigators  will  attempt  to  induce  a 
higher  level  of  chemotherapy  resistance  in  ABM  cells  than  in  tumor  cells. 

Dr.  Leventhal  stated  that  the  majority  of  her  questions  and  those  of  Dr.  Brinckerhoff  had 
been  addressed  by  the  investigators;  however,  there  are  still  concerns  about  the  assays 
that  will  be  performed  to  determine  MDR-1  expression.  Although  polymerase  chain 
reaction  (PCR)  will  provide  useful  information  regarding  gene  transduction,  no 
information  will  be  obtained  regarding  gene  expression.  Since  these  patients  have 
already  received  intensive  chemotherapy,  their  tumor  cells  may  already  possess  the  MDR 
phenotype.  Not  enough  animal  experiments  have  been  performed  to  support  the 
scientific  basis  for  this  protocol.  Also,  gene  expression  should  be  addressed  more 
thoroughly.  An  additional  concern  is  the  possibility  of  transducing  residual  tumor  cells 
remaining  in  the  ABM.  How  will  the  investigators  distinguish  between  naturally 
occurring  MDR  resistance  resulting  from  prior  drug  exposure  and  MDR  resistance 
induced  by  the  inserted  gene? 
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Other  Comments 

Dr.  Parkman  asked  about  the  patient  eligibility  criteria.  Dr.  Leventhal  responded  that 
patients  will  possess  Stage  IV  breast  cancer.  Dr.  Parkman  addressed  the  issue  of 
possible  tumor  cell  transduction.  Immunohistochemical  staining  can  detect 
approximately  1 in  105  tumor  cells.  If  patients  demonstrate  no  detectable  tumor  cells  by 
this  method  at  the  time  of  biopsy  and  at  the  time  of  ABM  harvest,  then  the  likelihood  of 
tumor  cells  being  transduced  is  extremely  low.  Clinically,  disease  reoccurs  at  the  site  of 
previous  bulk  disease. 

Dr.  Parkman  stated  that  the  optimal  method  for  detecting  MDR-1  gene  expression  is  to 
grow  the  transduced  cell  population  in  the  presence  of  a selective  agent  and  then  to 
perform  PCR  on  the  individual  resistant  clones.  Double  marking  will  distinguish 
endogenous  MDR-1  expression  from  MDR-1  expression  based  on  the  differences  in 
ribonucleic  acid  (RNA)  length. 

Dr.  Doi  asked  if  a high  level  MDR-1  expression  is  essential  to  the  success  of  this 
protocol  and  whether  the  investigators  plan  to  modify  the  level  of  expression.  Are  there 
in  vitro  experiments  that  could  be  performed  that  would  provide  information  regarding 
expression,  i.e.,  the  in  vitro  maintenance  an  expansion  of  MDR-1  transduced 
hematopoietic  cells.  He  inquired  how  long  ABM  cells  would  have  to  survive  in  vivo  to 
provide  a therapeutic  effect  during  high  dose  chemotherapy. 

Mr.  Barton  said  that  since  the  purpose  of  this  study  is  to  permit  the  use  of  a more 
intense  chemotherapy  regimen  in  the  event  of  relapse,  the  risk  versus  benefit  section  of 
the  informed  document  should  be  expanded  to  more  thoroughly  address  this  issue. 

Dr.  Post  asked  about  the  number  of  transduced  cells  that  will  be  administered  to  these 
patients.  Since  the  cells  will  be  enriched  by  several  logs  due  to  the  CD34(  + ) selection, 
what  is  the  level  of  sensitivity  of  the  immunohistochemical  staining? 

Dr.  D.  Miller  explained  that  the  proposed  vectors  are  similar  to  LNL6  and  GINa  with 
the  addition  of  the  MDR-1  gene.  However,  human  complementary  DNA  (cDNA)  will 
be  used  instead  of  murine  cDNA.  What  are  the  differences  between  human  and  mouse 
cDNA  with  regard  to  drug  sensitivity?  Some  of  the  supporting  data  for  this  protocol  was 
derived  from  murine  experiments  using  a vector  different  from  those  being  proposed  for 
this  study.  How  does  the  vector  used  for  the  animal  experiments  compare  to  the  vector 
proposed  for  the  human  study?  Will  the  investigators  introduce  additional  cDNA 
mutations  to  reduce  inappropriate  splicing? 
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Dr.  Leventhal  noted  that  the  investigators  propose  to  increase  the  dose  of  taxol  10-fold. 

Is  this  a procedure  that  is  normally  part  of  the  standard  clinical  protocol,  or  is  this 
increased  dose  unique  to  the  gene  transduction  protocol? 

Ms.  Meyers  stated  that  the  informed  consent  should  be  revised  to  include  the  following: 
(1)  a statement  that  the  patient  is  not  pregnant  or  planning  to  become  pregnant,  (2)  a 
statement  that  results  of  the  study  will  be  made  known  to  the  patient,  and  (3)  a section 
describing  how  the  media  will  be  handled. 

Presentation-Dr.  O'Shaughnessy 

Dr.  O'Shaughnessy  responded  to  Dr.  Leventhal's  questions  regarding  MDR-1  expression. 
Following  transplantation,  bone  marrow  sampling  will  be  performed  on  days  14,  28,  and 
42.  If  the  MDR-1  gene  is  not  expressed  in  the  cells  obtained  at  these  time  points  then 
additional  sampling  will  be  performed  at  3 month  intervals.  Patients  receiving 
vinblastine  or  taxol  due  to  relapse  will  receive  sampling  after  cycles  1 and  3 to  monitor 
augmentation  in  the  number  of  MDR-1  expressing  cells.  In  situ  PCR  will  be  performed 
to  determine  P-glycoprotein  (Pgp)  expression  in  ABM  cells,  and  rhodamine  efflux  assays 
for  the  detection  of  antibody  against  Pgp.  Cell  cultures  will  be  grown  with  and  without 
the  presence  of  taxol  in  order  to  determine  any  differential  effect,  and  the  resulting 
colonies  will  be  assayed  by  PCR. 

Dr.  O'Shaughnessy  addressed  the  issue  of  tumor  cell  contamination  in  both  bone  marrow 
and  peripheral  blood  cell  populations.  Initially,  the  patient's  cells  will  be  subjected  to 
routine  hematoxylin  and  eosin  staining  in  addition  to  immunohistochemical  staining  with 
a panel  of  4 antibodies.  The  specificity  of  the  antibodies  has  been  extensively 
documented  by  E.  J.  Shpall,  et.  al.  Data  demonstrates  that  CD34(  + ) selection  results  in 
a 2-5  log  reduction  in  the  number  of  breast  cancer  cells.  In  the  event  of  relapse,  patients 
will  receive  biopsies  at  the  sites  of  recurrence.  It  is  unlikely  that  MDR-1  transduced 
breast  cancer  cells  will  contribute  to  relapse;  however,  if  this  result  was  observed,  the 
quality  and  quantity  of  the  patient's  life  should  not  be  influenced.  Due  to  prior  drug 
treatments,  the  tumor  cells  tend  to  be  MDR-1  positive  and  express  Pgp.  There  is  no 
evidence  that  insertion  of  the  MDR-1  gene  will  make  these  breast  cancer  cells  more 
biologically  aggressive.  In  the  worst  case  scenario,  MDR-1  transduced  cells  could 
contribute  to  relapse  and  the  patient  may  not  respond  to  taxol  or  vinblastine.  In  this 
event,  the  patient  would  be  treated  with  another  chemotherapy  agent  to  palliate 
symptoms.  Since  patient  survival  at  the  time  of  relapse  is  approximately  6 months,  the 
objective  is  primarily  to  alleviate  symptoms;  prolongation  of  survival  is  not  the  critical 
issue. 

In  response  to  Dr.  Leventhal's  question  regarding  the  administration  of  taxol,  Dr. 
O'Shaughnessy  stated  that  the  10%  increase  in  dosage  is  a standard  procedure  for  the 
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clinical  protocol  and  not  unique  to  the  gene  therapy  protocol.  Dr.  O'Shaughnessy 
referred  Dr.  Doi's  question  regarding  ABM  transplant  survival  to  her  co-investigators 
Drs.  Arthur  Nienhuis  and  Kevin  McDonagh.  The  changes  to  the  informed  consent 
document  suggested  by  Ms.  Meyers  will  be  incorporated  in  addition  to  the  terminology 
Stage  IV  to  describe  the  stage  of  disease. 

Dr.  Dronamraju  asked  what  proportion  of  the  patient  population  will  be  in  the 
lactation/pregnancy  age  range?  Dr.  O'Shaughnessy  answered  that  10  to  20%  of  the 
proposed  breast  cancer  patients  would  be  in  this  age  range. 

Dr.  Post  asked  about  the  total  number  of  CD34(  + ) cells  that  would  be  reinfused.  Dr. 
O'Shaughnessy  said  that  the  patients  will  receive  between  1 and  5 x 107  CD34(  + ) cells. 
These  cells  are  a pool  of  both  ABM  and  peripheral  blood  cells.  Dr.  Post  asked  if 
immunohistochemical  staining  will  be  performed  prior  to  reinfusion.  Dr.  O'Shaughnessy 
responded  that  the  immunohistochemistry  information  would  not  be  available  until  after 
the  patient  is  treated,  because  the  staining  will  be  performed  simultaneously  with 
reinfusion. 

Dr.  Geiduschek  asked  if  drug  selection  of  nontransduced  ABM  cells  will  result  in  the 
enrichment  of  tumor  cells.  Dr.  O'Shaughnessy  noted  that  this  protocol  does  not  include 
drug  selection  of  the  ABM  cells;  however,  she  noted  that  tumor  cell  enrichment  would 
depend  on  the  specific  drug.  For  example,  4-hydroxy  cyclophosphamide  preferentially 
kills  tumor  cells. 

Dr.  Leventhal  asked  if  MDR  can  be  induced  in  ABM  cells  at  a level  that  exceeds  natural 
tumor  cell  resistance  resulting  from  previous  drug  exposure.  Dr.  O'Shaughnessy  stated 
that  the  level  of  MDR  Pgp  expression  required  to  induce  clinical  drug  resistance  in 
human  breast  cancer  patients  is  unknown;  however,  sufficient  levels  of  Pgp  expression 
can  be  obtained  in  transduced  hematopoietic  cells  to  confer  resistance.  Dr.  Leventhal 
noted  that  since  the  absolute  levels  of  MDR  expression  are  unknown,  it  is  unclear  how 
the  protocol  design  will  determine  this  answer.  Dr.  O'Shaughnessy  stated  that  Drs. 
Nienhuis  and  McDonagh  will  address  MDR  expression  in  primate  and  murine  systems. 
Dr.  Parkman  informed  the  RAC  members  that  the  investigators  have  chosen  the  breast 
tumor  model  because  these  cells  are  known  to  express  MDR  naturally  as  a result  of 
chemotherapy  exposure.  The  scientific  question  that  needs  to  be  addressed  is  whether 
the  transduction  of  hematopoietic  stem  cells  results  in  levels  of  MDR-1  expression  that 
are  sufficient  to  induce  a biological  effect.  If  a significant  clinical  effect  is  observed,  than 
this  procedure  may  be  applied  to  the  treatment  of  a variety  of  tumors. 

Dr.  Leventhal  said  that  it  is  unclear  that  the  protocol  is  designed  to  demonstrate 
anything  other  than  gene  expression.  How  will  the  protective  effect  of  this  gene 
expression  be  demonstrated?  Dr.  O'Shaughnessy  explained  that  the  protocol  is  designed 
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to  determine  the  level  of  MDR  expression  at  steady  state  following  ABM  transplant. 
Patients  who  have  received  taxol  or  vinblastine  after  transplant  will  be  monitored  for 
MDR  expression  to  determine  if  selection  is  occurring.  If  protection  is  being  conferred 
by  MDR  expression,  a decrease  should  be  observed  in  the  duration  and  depth  of  the 
neutropenia/thrombocytopenia.  Dr.  O'Shaughnessy  noted  that  there  is  an  ongoing  gene 
transfer  protocol  in  which  patients  receive  high  dose  ICE  therapy  with  neomycin  resistant 
(neoR)  transduced  ABM  stem  cells.  Patients  who  relapse  and  are  treated  with  taxol  or 
vinblastine  will  be  used  as  controls  for  the  MDR  study. 

Dr.  D.  Miller  said  that  this  protocol  should  be  directed  at  patients  with  tumor  types  that 
would  benefit  from  this  therapy.  Since  breast  cancer  patients  already  demonstrate  MDR 
resistance  following  drug  therapy,  this  therapy  will  probably  not  provide  a therapeutic 
effect.  Dr.  O'Shaughnessy  explained  that  20  to  30%  of  breast  cancer  patients  should 
benefit  from  the  subsequent  taxol  or  vinblastine  therapy.  Dr.  Leventhal  asked  if  eligible 
patients  will  have  limited  bone  disease.  Dr.  O'Shaughnessy  stated  that  patients  with  <;  3 
metastases  on  a bone  scan  will  be  eligible  for  this  protocol.  Metastatic  breast  cancer 
refers  to  metastases  in  the  liver,  lung,  and  soft  tissues. 

Dr.  Carmen  inquired  whether  mixing  experiments  have  been  performed  with  tumor  cells 
and  transduced  ABM  cells.  Dr.  O'Shaughnessy  stated  that  these  experiments  have  been 
performed  by  Dr.  E.  J.  Shpall.  Dr.  Shpall's  data  demonstrates  that  transduced  ABM 
cells  are  detectable  at  concentration  between  1 x 105  and  1 x 106  cells. 

Presentation--Dr.  Nienhuis 

Dr.  Nienhuis  addressed  the  issue  of  in  vitro  expression  of  transduced  cells  and  evidence 
of  gene  transfer.  The  DNA  from  MDR-1  transduced  cells  has  been  analyzed  by  PCR 
and  reverse  transcriptase  (RT)  PCR  has  been  employed  to  determine  RNA  levels. 
Rhodamine  efflux  assays  have  been  performed.  Rhodamine  is  a dye  that  is  released  by 
cells  as  a function  of  protein  expression.  Transduced  cells  have  been  grown  in  selective 
culture,  and  colonies  are  screened  for  drug  resistance. 

What  is  the  evidence  for  in  vivo  gene  expression?  Dr.  Nienhuis  presented  fluorescence 
activated  cell  sorter  (FACS)  analysis  data  using  an  antibody  that  is  specific  for  an 
external  epitope  of  the  MDR  protein.  In  the  murine  model,  approximately  10  to  12%  of 
the  bone  marrow  cells  were  positive  by  FACS  analysis.  This  antibody  detection  method 
would  be  used  to  monitor  patients.  Dr.  Parkman  asked  about  the  level  of  expression 
following  long-term  in  vitro  culture.  Dr.  Nienhuis  responded  that  the  long-term  culture 
experiments  have  not  been  performed.  Dr.  Parkman  asked  if  MDR  expression  has  been 
observed  in  human  MDR-negative  cells.  Dr.  Nienhuis  stated  that  these  experiments 
have  not  been  performed. 
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Dr.  Nienhuis  responded  to  the  RAC's  concerns  regarding  the  protective  effect  of 
transduced  ABM  cells  during  taxol  administration.  Quantitative  PCR  will  be  employed 
to  determine  the  proportion  of  ABM  cells  that  contain  the  transduced  MDR  gene. 
Increased  levels  of  MDR  expression  will  indicate  amplification  of  the  genetically- 
modified  population  of  cells. 

Dr.  Nienhuis  discussed  the  current  status  of  vector  development.  The  vector  that  was 
used  for  the  animal  experiments  was  a Harvey-based  vector  that  contained  extraneous 
sequences,  i.e.,  the  entire  VL30  coding  region.  The  Moloney-based  vectors  are  being 
proposed  for  the  human  experiments  because  the  extraneous  sequences  have  been 
minimized.  The  amphotropic  producer  clone  G1  MD1-15  made  by  Dr.  McDonagh  was 
used  for  the  rhesus  animal  experiments.  The  cDNA  derived  from  this  clone  exhibits  a 
functional  splice  donor  and  splice  acceptor  site  that  are  part  of  the  MDR  cDNA  in 
different  exons.  Although  these  sequences  probably  do  not  function  as  splice  sites  in  the 
natural  in  vivo  transcript,  this  splice  occurs  in  a proportion  of  the  transcripts.  The 
original  cDNA  has  a valine  substitution  in  codon  185  that  increases  colchicine  resistance 
and  decreases  vinblastine  resistance.  This  observation  was  critical  in  the  development  of 
the  vector.  Dr.  McDonagh  created  the  AB-1  vector  where  splice  donor  and  acceptor 
sites  were  eliminated  and  glycine  was  conservatively  substituted  for  valine. 

AB-1  was  the  vector  that  was  originally  proposed  for  use  in  the  human  studies;  however, 
several  problems  were  encountered.  First,  sequencing  of  this  vector  revealed  that  there 
was  a frame  shift  mutation  in  the  C-terminus  of  the  protein.  Second,  although  the  gene 
could  be  expressed  in  primary  transfected  cells  in  which  the  DNA  had  been  introduced, 
the  retrovirus  vector  did  not  provide  efficient  transfer  of  the  gene  due  to  the  corrected 
splice  sites. 

The  second  vector,  G1  MD3,  contained  the  corrected  frame  shift  but  the  splice  sites 
remained  deleted.  Due  to  the  deleted  splice  sites,  this  vector  was  ineffective  at  providing 
gene  transfer.  The  final  vector  proposed  for  this  protocol  contains  the  natural  cDNA. 
This  vector  contains  the  splice  donor  and  acceptor  sites  and  incorporates  a glycine 
substitution  for  valine.  Although  this  amino  acid  substitution  eliminates  the  C-terminus 
frame  shift,  vinblastine  resistance  is  enhanced.  Amphotropic  producer  clones  are 
currently  being  characterized  that  will  prove  satisfactory  for  clinical  purposes,  i.e., 
capable  of  CD34(  + ) cell  transduction  and  producing  a titer  of  approximately  5 x 106. 

Dr.  Parkman  asked  for  a comparison  between  the  Harvey-based  vector  and  the  new 
vector  in  an  animal  model.  Dr.  Nienhuis  asked  Dr.  McDonagh  to  respond  to  Dr. 
Parkman's  question. 
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Presentation-Dr.  McDonagh 

Dr.  McDonagh  explained  that  only  5 animals  have  been  studied  using  a head-to-head 
comparison  of  the  Harvey-based  and  Moloney-based  vectors.  Dr.  D.  Miller  asked  about 
the  specific  Moloney-based  vector  used  for  the  in  vivo  experiments.  Dr.  McDonagh 
explained  that  the  original  vector  containing  the  splice  donor  and  acceptor  sites  and  the 
codon  185  C-terminus  mutation  was  used  for  the  animal  experiments.  Two  of  the  5 
animals  demonstrated  a 3 to  4-fold  increase  in  copy  number  with  the  Moloney-based 
vector,  whereas  3 of  six  animals  showed  an  increase  in  copy  number  using  the  Harvey- 
based  vector.  These  experiments  have  been  performed  using  only  fibroblast  cell  lines, 
not  primary  hematopoietic  cells.  Dr.  D.  Miller  asked  whether  all  of  the  Moloney 
constructs  contain  human  cDNA.  Dr.  McDonagh  said  that  all  of  the  Moloney  constructs 
contain  human  cDNA  as  well  as  the  Harvey  constructs. 

Dr.  Murray  asked  if  human  bone  marrow  cells  have  been  transduced  and  selected  with 
chemotherapeutic  agents  to  demonstrate  gene  expression.  Dr.  McDonagh  said  that  these 
human  experiments  have  not  been  performed;  however,  gene  expression  has  been 
demonstrated  in  rhesus  cells.  Rhesus  and  human  cells  probably  function  in  a 
comparable  manner. 

Dr.  Nienhuis  said  that  the  preliminary  data  is  adequate  to  support  the  protocol.  Murine 
data  demonstrates  that  the  MDR  gene  can  be  expressed  in  murine  stem  cells  and  that 
protective  immunity  can  be  conferred.  In  the  in  vitro  primate  system,  MDR-1 
transduction  and  expression  have  been  demonstrated.  Long-term  reconstitution  (up  to 
seven  months)  with  gene  modified  cells  has  also  been  demonstrated.  At  this  point  in 
time,  it  is  appropriate  to  proceed  with  the  human  study. 

Committee  Motion 

A motion  was  made  by  Dr.  Leventhal  and  seconded  by  Dr.  Zallen  to  defer  approval  of 
the  protocol.  Approval  is  deferred  until  the  investigators  return  to  the  RAC  with  the 
following:  (1)  data  demonstrating  that  human  cDNA  CD34(  + ) cells  can  be  transduced 
in  vitro  with  the  actual  vector  that  will  be  used  for  the  human  clinical  protocol,  (2)  a 
description  of  the  assays  that  will  be  performed  to  monitor  gene  expression,  (3)  the 
methods  by  which  gene  expression  will  be  compared  in  tumor  and  ABM  cells,  and  (4) 
data  demonstrating  the  clinical  endpoint  for  bone  marrow  recovery,  i.e.,  what  is  the 
period  of  time  required  for  the  detection  of  polymorphonuclear  leukocytes?  What  is  the 
standard  error  for  this  recovery  period? 

Dr.  Post  asked  the  investigators  how  long  it  will  take  them  to  prepare  for  human  clinical 
trials.  Dr.  Nienhuis  responded  that  6 to  8 weeks  would  be  required  to  complete  the 
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characterization  of  the  producer  clone  and  probably  3 to  4 months  before  Food  and 
Drug  Administration  (FDA)  approval  is  obtained. 

Dr.  Nienhuis  responded  to  Dr.  Leventhal's  concerns  regarding  the  detection  of  clinical 
benefit  to  patients.  Will  there  be  an  amplification  of  the  retrovirally-transduced  cells  as 
the  patients  receive  taxol  and  vinblastine  and  undergo  bone  marrow  suppression  and 
regeneration?  Amplification  will  be  the  primary  determinant  as  to  whether  there  is  an 
incremental  increase  in  the  number  of  retrovirally-marked  cells.  In  the  murine  system, 
MDR-1  amplification  can  be  compared  to  neoR.  In  the  human  study,  MDR-1 
amplification  can  be  compared  to  patients  receiving  neoR  transduced  cells.  The  issue  of 
bone  marrow  protection,  however,  remains  to  be  determined.  Dr.  O'Shaughnessy  agreed 
that  each  patient  will  act  as  his/her  own  control.  Repeated  taxol  administration  clearly 
results  in  cumulative  bone  marrow  toxicity.  If  no  improvement  is  observed  in  the 
neutrophil  nadir  or  its  duration  following  subsequent  cycles  of  taxol  administration, 
important  information  will  be  obtained.  Dr.  Leventhal  said  that  the  evaluation  criteria 
should  be  formalized.  Dr.  Nienhuis  suggested  that  a positive  response  could  be 
considered  an  increase  from  1 to  10%  retrovirally-transduced  cells  following  3 cycles  of 
treatment. 

Dr.  D.  Miller  asked  the  investigators  if  they  will  continue  to  enroll  patients  into  the  neoR 
protocol  that  has  already  been  approved  by  the  RAC.  Dr.  Nienhuis  said  that  the  gene 
marking  protocol  will  continue.  The  objective  of  the  neoR  marking  protocol  is  to 
compare  reconstitution  by  marking  peripheral  blood  and  bone  marrow  cells  with 
different  vectors.  This  breast  cancer  protocol  uses  only  one  vector,  the  MDR  vector,  to 
transduce  both  peripheral  blood  and  marrow  cells.  The  comparison  of  the  patient 
populations  between  the  two  protocols  will  be  critical  in  interpreting  the  data.  Dr.  D. 
Miller  asked  the  investigators  if  they  anticipate  the  generation  of  data  in  the  next  3 
months  demonstrating  the  ability  to  mark  stem  cells.  Dr.  Nienhuis  explained  that  the 
first  patient  on  the  neoR  marking  protocol  was  just  recently  treated.  Since  there  will  be 
variability  in  the  levels  of  transduction  between  patients,  it  is  appropriate  to  initiate  both 
protocols  concurrently. 

The  motion  to  defer  approval  of  the  protocol  passed  by  a vote  of  17  in  favor,  0 opposed, 
and  no  abstentions.  Approval  of  the  protocol  was  deferred  until  the  investigators  submit 
the  following  addition^  information  and  data  to  the  RAC:  (1)  data  will  be  provided 
demonstrating  that  human  CD34(  + ) cells  have  been  transduced  in  vitro  with  the  vector 
that  will  be  used  in  the  clinical  protocol;  (2)  description  of  all  of  the  assays  that  will  be 
used  to  measure  gene  expression,  and  demonstrate  how  this  expression  will  be  monitored 
in  bone  marrow  and  tumor  cells;  and  (3)  a description  of  the  endpoint  for  determining 
efficacy  (evaluation  criteria),  i.e.,  comparison  of  gene  amplification  and  the  rate  of  white 
blood  cell  recovery  following  taxol  treatments  1 and  3. 
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Dr.  Murray  welcomed  Ms.  Abbey  Meyers  of  the  National  Organization  of  Rare 
Disorders  and  Dr.  Harold  Ginsberg  of  Columbia  University  as  ad  hoc  consultants  to  the 
RAC. 

IV.  DISCUSSION  REGARDING  COST  ASSOCIATED  WITH  TREATMENT  FOR  NON- 
NEGLIGENT  RESEARCH-RELATED  INJURY/DR.  ZALLEN  AND  MS.  MEYERS 

Presentation-Dr.  Zallen 

Dr.  Murray  called  on  Dr.  Zallen  to  initiate  discussion  on  the  issue  of  costs  associated 
with  the  treatment  of  non-negligent  research-related  injury.  Dr.  Zallen  explained  that 
the  informed  consent  documents  of  many  previously  approved  human  gene  therapy 
protocols  include  the  following  language,  You  or  your  insurance  company  are  expected  to 
pay  the  medical  costs  arising  out  of  any  research-related  injuries.  If  this  statement  is  a 
trend  for  future  protocols,  then  the  only  patients  who  would  be  able  to  cover  the  costs 
associated  with  untoward  research-related  injuries  would  be  those  individuals  who 
possess  high-level  medical  coverage  or  have  substantial  personal  financial  resources. 

This  trend  is  in  direct  conflict  with  NIH  policy,  namely,  the  inclusion  of  women  and 
minorities  in  study  populations.  Traditionally  women  and  minorities  have  had  less  access 
to  jobs  that  provide  health  care  benefits. 

Dr.  Zallen  noted  that  Dr.  Charles  McCarthy,  formerly  Director  of  the  Office  for 
Protection  from  Research  Risks,  NIH,  presented  a historical  review  during  the 
September  1992  RAC  meeting  regarding  the  political  factors  and  institutional  events  that 
resulted  in  a failure  to  act  on  either  the  1977  Health,  Education,  and  Welfare  report  or 
the  subsequent  President's  commission  report  that  recognized  an  obligation  to 
compensate  subjects  for  research-related  injury. 

Gene  therapy  is  a novel  area  in  which  the  potential  risk  to  patients  is  not  entirely 
understood.  As  time  and  experience  are  gained,  the  risks  will  be  more  clearly 
understood.  However,  sufficient  knowledge  has  not  been  gained  regarding  the  possible 
adverse  effects  associated  with  gene  transfer.  If  injury  is  incurred  to  patients 
participating  in  these  protocols,  it  is  unlikely  that  insurance  companies  will  compensate 
for  medical  costs  associated  with  such  injury.  The  RAC  should  propose  that  the  NIH 
Director  convene  a panel  to  examine  this  issue  and  to  create  policy  that  will  guide 
Institutional  Review  Boards  (IRBs)  and  the  RAC  in  future  decisions. 

Dr.  Zallen  and  Ms.  Meyers  submitted  a draft  letter  to  the  NIH  that  addressed  the 
aforementioned  issue,  Dr.  Zallen  suggested  that  the  RAC  should  make  additions  or 
changes  to  the  letter  as  appropriate. 
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Presentation-Ms.  Meyers 

Ms.  Meyers  noted  that  the  short-term  and  long-term  implications  of  gene  therapy  are 
unknown.  Patients  who  enroll  in  these  protocols  should  receive  special  consideration 
and  should  be  monitored  for  life.  The  letter  that  is  presented  for  discussion  specifically 
addresses  gene  therapy  because  of  the  uniqueness  and  uncertainty  of  the  technology. 

The  broader  issue  is  that  there  are  many  American  citizens  who  are  being  denied  the 
opportunity  to  participate  in  research  protocols  because  they  are  required  to  pay  for 
numerous  procedures.  If  these  patients  suffer  untoward  consequences  as  a result  of  the 
research,  they  are  currently  responsible  for  these  additional  costs  associated  with  the 
treatment  of  these  injuries. 

Discussion 

Ms.  Buc  suggested  that  the  draft  letter  should  be  expanded  to  discuss  the  issue  of 
payment  for  non-negligent  research  injury  in  the  broader  sense.  If  the  NIH  Director  is 
advised  to  convene  a panel  to  propose  policy,  this  issue  should  not  be  limited  to  gene 
therapy.  The  issues  are  generalizable  to  all  other  areas  of  research.  Gene  therapy 
should  not  be  the  specific  target. 

Dr.  Zallen  agreed  that  the  proposed  issue  is  not  necessarily  unique  to  gene  therapy; 
however,  the  RAC  has  a responsibility  to  bring  this  issue  to  the  NIH  Director's  attention. 
Gene  therapy  is  separate  from  other  areas  of  research  because  it  is  a novel  technology. 
The  potential  short-term  and  long-term  side  effects  cannot  be  anticipated  as  with  other 
therapies,  e.g.,  drug  therapy.  Dr.  Secundy  spoke  in  support  of  Dr.  Zallen's  assertion  that 
gene  therapy  is  significantly  unique. 

Dr.  Leventhal  stated  that  gene  therapy  is  probably  more  accessible  to  those  patients  who 
have  access  to  major  procedures  that  are  normally  used  as  vehicles  for  gene  therapy,  e.g., 
bone  marrow  transplant.  Gene  therapy  protocols  are  often  submitted  as  an  addition  to 
pre-existing  clinical  protocols.  For  example,  if  patients  can  afford  bone  marrow 
transplants,  they  will  have  access  to  the  gene  therapy  at  no  cost.  In  terms  of  risk,  gene 
therapy  probably  does  not  present  any  more  risk  than  any  other  Phase  I study. 

Dr.  Parkman  said  that  the  mandate  of  the  RAC  is  to  review  gene  therapy;  however,  the 
committee  is  obliged  to  consider  any  aspect  of  medical  research  within  this  context.  He 
explained  that  as  a pediatrician,  the  same  questions  arise  regarding  possible  long-term 
untoward  effects  resulting  from  the  chemotherapeutic  reagents  given  to  children  with 
cancer.  To  mandate  that  the  long-term  effects  of  these  treatments  would  be 
reimbursable  by  the  government  may  lead  to  numerous  problems.  If  the  Federal 
government  starts  to  indemnify  particular  groups  of  potential  research  subjects,  clinical 
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research  will  become  limited  rather  than  expanded  to  large  numbers  of  subjects.  There 
will  always  be  a degree  of  uncertainty  about  research.  The  purpose  of  the  informed 
consent  document  is  to  inform  patients  of  the  definable  and  undefinable  risks  of  that 
research. 

Dr.  Post  said  that  he  supports  the  concept  that  gene  therapy  is  no  more  predictable  than 
any  other  type  of  drug  research.  In  fact,  gene  therapy  is  probably  more  predictable 
because  the  mechanism  is  known  and  assays  such  as  PCR  are  available  to  monitor 
trafficking  and  expression. 

Dr.  Walters  suggested  that  the  draft  letter  submitted  by  Dr.  Zallen  and  Ms.  Meyers 
should  be  revised  to  state  that  in  the  course  of  reviewing  gene  therapy  and  gene  transfer 
protocols,  the  RAC  has  ascertained  that  there  is  significant  variation  among  institutions 
regarding  the  question  of  research-related  non-negligent  injury.  The  RAC  recommends 
the  formation  of  a panel  to  establish  policy  regarding  this  issue.  Mr.  Barton  noted  that 
the  proposed  panel  would  generate  declaratory  policy  rather  than  real  policy.  Mr. 

Barton  said  that  since  there  is  a possibility  that  gene  therapy  will  result  in  untoward 
effects,  any  costs  associated  with  such  effects  would  more  appropriately  fall  on  the 
Federal  government  rather  than  on  the  individual  or  the  institution.  However,  these 
liabilities  should  be  dealt  with  in  a way  that  will  not  deter  research.  This  issue  should  be 
considered  within  the  context  of  health  care  policy  that  will  be  developed  by  the 
incoming  Administration.  Proposed  policy  that  will  be  incorporated  into  the  new  health 
care  system  should  not  discriminate  against  research  in  any  unintended  way. 

Dr.  Schaechter  stated  that  he  supports  the  draft  letter  because  it  is  important  that  people 
of  all  socio-economic  segments  of  society  have  access  to  new  therapies.  Dr.  Geiduschek 
said  that  he  is  in  support  of  the  letter.  It  is  inadequate  for  the  RAC  to  deny  that  gene 
therapy  has  no  special  status.  Dr.  Geiduschek  proposed  that  the  following 
recommendation  should  be  included  in  the  draft  letter  to  the  NIH  Director,  at  a 
minimum,  research  sponsors  or  their  institutions  should  be  responsible  for  such  costs. 

Dr.  Murray  said  that  while  patients  are  often  screened  to  ensure  that  they  can  pay  for 
the  clinical  therapies  such  as  bone  marrow  transplant,  there  is  no  financial  screening  to 
guarantee  that  they  would  be  able  to  pay  for  any  complication  resulting  from  untoward 
effects. 

Ms.  Meyers  said  that  gene  therapy  patients  are  potentially  accepting  debt  for  the  rest  of 
their  lives  if  there  are  research-related  injuries,  because  no  insurance  company  will  cover 
a person  who  has  undergone  gene  therapy.  Compensation  is  not  the  issue  here.  The 
issue  is  guaranteed  medical  care  for  life  if  no  insurance  company  will  cover  these 
patients. 
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Ms.  Buc  noted  that  the  issue  has  become  confused  during  the  discussion.  The  issue  is 
reimbursement  for  costs  associated  with  non-negligent  research-related  injury,  not 
differential  access  due  to  the  cost  of  the  procedure.  With  regard  to  informed  consent, 
there  appears  to  be  an  underlying  notion  that  some  patients  are  able  to  consent  to 
procedures  but  not  others.  This  hypothesis  is  unacceptable.  If  a patient  is  not  capable 
of  consenting  to  the  risks  of  a protocol,  then  he/she  should  not  participate  in  it.  The 
financial  status  of  a patient  does  not  determine  their  ability  to  provide  consent. 

Dr.  Murray  recommended  that  Drs.  Walters,  Zallen,  Geiduschek,  and  Ms.  Meyers  should 
take  the  committee's  comments  and  suggestions  into  consideration  in  preparing  a revised 
version  of  the  letter  to  the  NIH  Director.  This  revised  letter  will  be  discussed  later  on  in 
the  meeting. 

V.  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING  A HUMAN 
GENE  THERAPY  PROTOCOL  ENTITLED:  GENE  THERAPY  OF  THE 
RESPIRATORY  MANIFESTATIONS  OF  CYSTIC  FIBROSIS  USING  A REPLICATION 
DEFICIENT  RECOMBINANT  ADENOVIRUS  TO  TRANSFER  THE  NORMAL  HUMAN 
CYSTIC  FIBROSIS  TRANSMEMBRANE  CONDUCTANCE  REGULATOR  cDNA  TO 
THE  AIRWAY  EPITHELIUM /DR.  CRYSTAL 

Review-Dr.  Parkman 

Dr.  Murray  called  on  Dr.  Parkman  to  present  his  primary  review  of  the  protocol 
submitted  by  Dr.  Ronald  G.  Crystal  of  the  National  Institutes  of  Health,  Bethesda, 
Maryland.  Dr.  Parkman  summarized  the  objectives  of  the  protocol.  This  protocol  is 
uniquely  different  from  other  protocols  that  have  been  previously  reviewed  by  the  RAC 
because:  (1)  the  first  time  that  cystic  fibrosis  (CF)  has  been  proposed  as  a target  disease 
for  human  gene  therapy,  and  (2)  the  first  time  that  an  adenovirus  has  been  proposed  as 
a vector  for  the  in  vivo  transduction  of  human  cells. 

Cystic  fibrosis  is  the  most  common  serious  genetic  disorder  among  whites  and  Hispanics; 

1 in  10  individuals  are  carriers  of  this  gene  and  1 in  3,000  live  births  result  in  the 
manifestation  of  the  disease.  Three  major  organ  systems  are  involved:  the  lungs,  liver, 
and  gastrointestinal  tract.  The  gastrointestinal  tract  is  affected  due  to  the  decreased 
production  of  enzymes  that  are  necessary  for  food  digestion;  therefore,  many  individuals 
are  malnourished.  Patients  exhibiting  gastrointestinal  effects  traditionally  undergo 
enzyme  replacement  therapy.  The  major  clinical  manifestation  of  cystic  fibrosis  is  thick 
mucous  secretions  resulting  from  the  defective  cystic  fibrosis  transmembrane  conductance 
regulator  (CFTR)  gene.  The  thickened  secretions  cause  the  bronchi  and  bronchioli  to 
become  obstructed.  Infection  of  these  secretions  often  leads  to  severe  scarring  of  the 
patient's  airways. 
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Since  the  discovery  of  the  CFTR  gene,  investigators  have  demonstrated  that  the  normal 
CFTR  gene  can  be  inserted  into  the  cells  of  CF  patients  in  vitro,  and  that  these 
transduced  cells  are  capable  of  normal  function.  Specifically,  the  corrected  cells  have  the 
capacity  to  pump  chloride  ions,  resulting  in  the  normalization  of  the  export  of  water. 

This  observation  suggests  that  correction  of  the  defective  CFTR  gene  in  vivo  would  result 
in  thinning  of  the  patient's  secretions.  The  objective  of  this  protocol  is  to  normalize  the 
genetic  defect  in  a significant  number  of  bronchial  cells  so  that  the  secretions  obtain 
normal  viscosity.  Ultimately,  the  incidence  of  pulmonary  infection  would  be  decreased, 
and  the  patient's  life  would  be  prolonged. 

This  protocol  is  very  restricted  in  its  clinical  application.  Ten  patients  will  be  enrolled, 
each  receiving  only  a single  vector  application.  Since  bronchial  epithelial  cells  have  a 
short  life  span,  only  surface  epithelial  cells  will  be  affected.  Therefore,  the  benefits  of 
this  therapy,  if  any,  will  be  restricted  to  the  life  span  of  these  surface  epithelial  cells. 

Patients  will  be  treated  in  groups  of  two.  Each  consecutive  pair  of  patients  will  receive  a 
1 log  increase  in  dose  of  adenovirus  vector;  the  lowest  dose  will  have  a titer  of  106 
plaque  forming  units  (PFU)  and  the  highest  titer  will  be  1010  PFU.  The  objectives  of 
this  study  are  to  demonstrate:  (1)  the  efficient  transduction  of  bronchial  epithelial  cells 
with  the  CFTR  gene,  and  (2)  the  length  of  time  that  gene  expression  will  persist  and  in 
what  proportion  of  the  cells.  The  information  obtained  from  this  study  is  necessary 
before  the  investigators  can  submit  a multiple  administration  protocol. 

The  investigators  have  a large  amount  of  preclinical  data  to  support  this  study.  While 
their  original  experiments  were  performed  using  two  adenovirus  constructs,  the  most 
recent  experiments  have  focused  on  one  vector.  Using  this  construct,  the  investigators 
have  demonstrated  the  in  vitro  transduction  of  bronchial  epithelial  cells  and  nasal 
mucosal  cells  obtained  from  CF  patients.  In  vivo  expression  of  the  CFTR  gene  has  been 
demonstrated  in  both  the  monkey  and  cotton  rat  models. 

The  protocol  is  divided  into  3 parts:  (1)  the  initial  baseline  period,  (2)  the  vector  control 
period,  and  (3)  the  experimental  period.  The  baseline  period  is  the  timeframe  that 
individuals  are  observed  in  order  to  determine  if  they  have  mild,  moderate,  or  severe 
disease.  Patients  with  severe  disease  will  probably  not  be  able  to  tolerate  some  of  the 
procedures  such  as  bronchoscopy;  therefore,  they  will  be  ineligible  for  the  protocol. 

Once  a patient  has  been  determined  to  satisfy  the  inclusion  and  exclusion  criteria, 
he/she  will  enter  the  vector  control  phase.  During  this  phase,  patients  will  receive 
repeat  administration  of  the  media  (vehicle)  that  will  contain  the  vector.  This  vehicle 
control  will  be  applied  initially  to  the  nares;  and  finally,  a 20  ml  administration  will  be 
applied  to  the  left  main  stem  bronchus.  If  no  adverse  effects  are  observed  as  result  of 
the  vehicle  challenge,  the  patient  will  be  qualified  to  proceed  to  the  experimental  portion 
of  the  protocol.  During  this  phase  of  the  study,  the  patient  will  receive  a 0.4  ml 
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application  of  the  adenovirus  vector  to  their  left  nare.  If  no  adverse  reactions  are 
observed  24  hours  after  this  preliminary  application,  the  patient  will  receive  20  ml  of  the 
adenovirus  vector  into  the  left  main  stem  bronchus.  The  right  side  of  the  patient  will  not 
be  treated  so  that  it  will  function  as  a control. 

Following  vector  administration,  the  patient  will  remain  in  a negative  pressure  room  in 
order  to  minimize  aerosols.  Daily  cultures  will  be  obtained  of  the  patient's  sputum, 
stools,  urine,  and  nasopharynx  until  there  is  no  longer  evidence  of  vector  excretion  or 
secretion.  In  the  unforseen  circumstance  that  a patient  requires  intensive  care  unit 
(ICU)  level  of  care,  there  are  3 negative  pressure  ICU  rooms  available.  Patient  care 
personnel  will  wear  gowns,  gloves,  masks,  and  take  the  same  precautions  required  for 
infectious  viruses.  Once  the  patient  is  no  longer  secreting  or  excreting  virus,  he/she  will 
be  removed  from  the  negative  pressure  room.  This  period  of  isolation  is  estimated  to  be 
approximately  10  days. 

Patients  will  continue  to  undergo  further  testing  following  this  period.  These  studies  will 
include  monitoring  of  specific  parameters  relating  to  the  patient's  pulmonary  function. 
Individuals  will  undergo  nasal  mucosa  and  bronchial  cell  sampling  by  either  scraping  of 
the  nasal  mucosa  or  intermittent  bronchial  lavage.  The  cells  obtained  from  these 
procedures  will  be  assayed  for:  (1)  DNA  of  the  CFTR  gene,  (2)  RNA  resulting  from  the 
CFTR  gene,  (3)  protein  expressed  as  a result  of  CFTR  gene  expression,  and  (4)  cell 
conductivity  changes.  In  summary,  the  investigators  will  be  looking  for  in  vivo  evidence 
of  electrophysiological  improvements  and  in  vitro  evidence  of  gene  insertion  and 
expression. 

Dr.  Parkman  discussed  the  proposed  adenovirus  vector.  Retrovirus  vectors,  which  have 
been  traditionally  used  for  gene  therapy,  require  cell  division  in  order  to  become 
effectively  integrated.  Since  bronchial  epithelial  cells  do  not  divide  indefinitely,  efficient 
transduction  with  retrovirus  vectors  would  be  almost  impossible.  For  this  reason,  the 
investigators  have  developed  an  alternative  vector  based  on  a Type  5 adenovirus. 

Naturally  occurring  Type  5 adenovirus  is  capable  of  producing  upper  respiratory 
symptoms  in  humans.  This  vector  has  had  all  of  the  Ela  and  most  of  the  Elb  genes 
removed.  Ela  and  Elb  are  the  genes  that  are  required  for  the  regulation  of 
transcription;  although  this  vector  has  the  capacity  to  infect  and  transduce  non-dividing 
cells,  it  is  incapable  of  replicating.  The  proposed  vector  has  a relatively  consistent  point 
of  integration;  therefore,  some  of  the  concerns  accompanying  the  use  of  retrovirus 
vectors  (e.g.,  random  integration  and  oncogenic  potential)  are  minimized  in  this  setting. 

The  major  concern  regarding  the  use  of  this  adenovirus  vector  is  that  Type  5 
adenoviruses  exist  naturally  in  our  population.  What  will  be  the  effect  on  a person 
whose  cells  have  been  transduced  with  this  adenovirus?  Could  a wild-type  infection 
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rescue  this  replication-incompetent  vector  and  create  replication-competent  Type  5 
adenovirus  containing  the  CFTR  gene?  Dr.  Parkman  explained  that  the  investigators 
have  responded  to  these  concerns  by  including  the  criteria  that  only  patients  with  serum 
antibodies  to  Type  5 adenovirus  will  be  used  for  this  study.  The  presence  of  serum 
antibodies  eliminates  concerns  regarding  transmission  of  the  CFTR  gene  to  the  germ 
cells  of  the  patient.  Rescued  Type  5 adenovirus  would  be  neutralized  and  eliminated 
from  the  patient's  circulation.  For  this  reason,  the  requirement  that  patients  should  be 
beyond  reproductive  age  or  have  evidence  of  sterility  are  probably  excessive  criteria. 

As  an  added  safety  procedure,  patients  will  undergo  pulmonary  cell  sampling  in  order  to 
screen  for  the  presence  of  Ela  and  Elb  sequences.  Patients  who  exhibit  positive  PCR  to 
these  sequences  will  be  excluded  from  the  study.  In  summary,  only  those  individuals  who 
have  had  pre-existing  Type  5 adenovirus  infections  (as  demonstrated  by  serum 
antibodies)  and  who  have  no  evidence  of  persistent  adenovirus  elements  (Ela  or  Elb) 
will  be  eligible  for  this  protocol. 

The  E3  sequences  that  are  capable  of  suppressing  the  host  immunological  response  have 
been  removed  from  the  proposed  vector.  Therefore,  in  the  event  that  a replication- 
competent  recombinant  virus  were  formed,  the  recombinant  virus  would  be  less 
pathogenic  to  the  patient  than  the  wild-type  virus. 

Dr.  Parkman  commended  the  investigators  for  their  excellent  responses  to  his 
preliminary  reviews.  He  noted  that  he  still  has  concerns  regarding  the  possibility  that  a 
patient  who  has  remaining  transduced  epithelial  cells  after  3 to  4 months  may  acquire  a 
wild-type  adenovirus  infection  that  could  cause  the  recombinant  virus  to  be  rescued.  The 
question  also  remains  about  the  bronchial  levels  in  which  the  CFTR  gene  will  be 
expressed.  If  the  vector  is  instilled  into  the  upper  bronchi,  how  far  down  will  the 
expression  occur,  i.e.,  first,  second,  or  third  order  bronchioles? 

Review-Dr,  Ginsberg 

Dr.  Murray  called  on  Dr.  Harold  Ginsberg,  an  expert  on  adenoviruses  and  ad  hoc 
consultant  to  the  RAC,  to  provide  his  review  of  Dr.  Crystal's  protocol,  specifically  the 
vector  issues. 

Dr.  Ginsberg  explained  that  there  are  tremendous  advantages  to  using  adenovirus  vectors 
that  have  the  Ela  and  Elb  regions  deleted;  except  for  a high  multiplicity  of  infection 
(MOI),  the  virus  is  incapable  of  replication.  Ela  is  critical  for  enhancing  the 
transcription  of  other  early  genes.  Adenoviruses,  like  all  DNA  viruses,  have  genes  that 
are  expressed  early.  These  early  genes  are  required  for  DNA  replication  and  the 
production  of  infectious  virus.  If  DNA  replication  does  not  occur,  then  neutralizing 
antibodies  will  not  be  made.  Another  unique  feature  of  Ela  is  that  this  region  contains 
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the  two  most  dominant  cytotoxic  T lymphocyte  (CTL)  antigens.  Therefore,  the  marked 
production  of  CTL  in  response  to  the  vector  is  very  unlikely.  There  is  a gene  within  the 
Ela  region  that  is  required  to  terminate  protein  synthesis.  Host  protein  synthesis  is 
inhibited  by  preventing  the  host  messenger  RNA  (mRNA)  from  being  transported  into 
the  cytoplasm.  Consequently,  CFTR  mRNA  will  continue  to  be  expressed. 

Within  the  E3  region  is  a gene  that  codes  for  a 19  kilodalton  (kd)  glycoprotein  (gp). 

The  gp  prevents  Class  I major  histocompatibility  complex  (MHC)  antigens  from  being 
transported  to  the  cell  surface,  and  it  is  critical  for  CTL  recognition.  When  the  gene 
coding  for  this  gp  is  deleted,  in  vivo  pathology  is  augmented.  This  increased  response  is 
due  to  the  fact  that  the  significant  part  of  the  disease  is  a product  of  the  expression  of 
early  genes.  Viral  replication  is  unnecessary  for  disease  manifestation;  pathology  is  the 
result  of  the  expression  of  early  genes. 

Dr.  Ginsberg  responded  to  Dr.  Parkman's  question  regarding  the  persistence  of 
adenovirus  in  the  host.  Adenoviruses  do  not  persist  in  infected  epithelial  cells,  because 
these  cells  eventually  die.  Dead  cells  are  shed  by  the  host,  not  lysed.  Although 
adenovirus  DNA  is  capable  of  persisting  in  the  lymph  node,  it  is  unlikely  that  DNA  will 
exist  anywhere  other  than  the  epithelial  cells. 

Regarding  possible  recombination,  it  is  very  unlikely  that  a recombinant  will  result  from 
an  Ela  wild-type  gene  and  the  CFTR  gene,  because  the  resulting  construct  would  be  too 
large  to  be  assembled. 

Dr.  Murray  asked  if  other  RAC  members  had  questions  for  Dr.  Ginsberg.  Dr.  Doi 
asked  that  if  the  DNA  does  not  persist  in  epithelial  cells,  will  the  CFTR  be  present  for 
only  a short  period  of  time?  Dr.  Ginsberg  said  that  gene  persistence  will  be  a limiting 
factor.  Dr.  Schaechter  asked  if  transfection  of  the  CFTR  gene  would  cause  an  increased 
turnover  in  these  cells.  Dr.  Ginsberg  responded  that  there  would  not  be  an  increase  in 
cell  death;  turnover  will  be  based  on  the  normal  half-life  of  the  epithelial  cells. 

Dr.  D.  Miller  asked  if  adenoviruses  are  lytic  to  cultured  cells.  Dr.  Ginsberg  noted  that 
this  statement  is  a universal  misconception.  Adenoviruses  are  not  lytic.  The  only  means 
of  obtaining  the  virus  from  infected  cells  is  to  lyse  the  cell  by  another  method.  Dr.  D. 
Miller  asked  about  an  appropriate  assay  for  the  detection  of  adenovirus  helper.  Dr. 
Ginsberg  stated  that  HeLa  and  KB  cells  are  the  best  choice  for  performing  a plaque 
assay.  Plaques  will  indicate  the  presence  of  dead  cells  that  are  killed  by  replication- 
competent  adenovirus. 

Dr.  Post  asked  if  there  is  data  regarding  the  enteric  administration  of  an  E3  minus 
adenovirus  to  humans.  Has  an  E3  minus  adenovirus  ever  been  given  to  a human  via  the 
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respiratory  route?  Dr.  Ginsberg  responded  that  he  was  unaware  of  any  instance  where 
these  experiments  have  been  performed. 

Dr.  Post  asked  for  further  information  regarding  long-term  persistence  of  non-integrated 
adenovirus.  Dr.  Ginsberg  stated  that  both  Ela  and  Elb  are  required  for  adenovirus 
integration;  therefore,  Ela  and  Elb  mutants  will  not  transform  cells  because  there  is  no 
integration.  Dr.  Ginsberg  noted  that  persistent  infection  of  cultured  lymphoid  cells  has 
been  demonstrated  for  up  to  3Y2  years  without  any  evidence  of  integration. 

Dr.  Hirano  asked  if  it  is  more  advantageous  or  disadvantageous  to  retain  the  E3  segment 
of  the  vector.  Dr.  Ginsberg  answered  that  the  advantages  of  retaining  this  segment 
outweigh  the  disadvantages.  Since  there  will  be  only  a 5%  increase  in  the  size  of  the 
genome,  only  assembly  will  be  facilitated. 

Dr.  D.  Miller  asked  if  the  packaging  cells  contain  other  viruses  that  could  be  transferred 
in  addition  to  the  vector.  Dr.  Ginsberg  said  that  the  cultures  could  possibly  be 
contaminated  with  adeno-associated  virus  (AAV);  however,  testing  will  be  performed  to 
monitor  for  such  contaminating  agents.  There  are  no  naturally  occurring  contaminants. 

Review-Dr.  Schaechter 

Dr.  Schaechter  said  that  he  is  reassured  by  the  information  provided  by  Dr.  Ginsberg; 
specifically,  that  the  ability  of  the  adenovirus  vector  to  replicate  and  recombine  is  very 
small.  However,  it  would  be  useful  for  the  RAC  to  discuss  the  outcome  if  the  virus 
actually  replicated.  What  would  be  the  outcome  if  CFTR  is  overexpressed  in  the  cells  of 
any  tissue?  What  are  the  conductance  and  permeability  problems  that  would  arise?  In 
murine  experiments,  overexpression  of  the  CFTR  gene  produces  no  untoward  effects; 
however,  this  is  not  a homologous  experiment.  Overexpression  of  the  protein  is  a highly 
regulated  step  that  requires  phosphorylation  by  a highly  regulated  mechanism.  In  theory, 
overproduction  of  CFTR  should  not  produce  a deleterious  effect. 

Dr.  Schaechter  said  that  he  had  concerns  regarding  the  efficacy  of  this  protocol.  What 
percent  of  the  bronchial  epithelial  cells  will  have  to  be  transduced  in  order  to  achieve  a 
temporary  therapeutic  effect?  Is  lavage  the  best  method  for  accomplishing  this 
transduction?  What  about  aerosols?  The  chances  of  this  single  administration  treatment 
being  effective  does  not  seem  to  be  overwhelming.  How  will  data  derived  from  this 
experiment  provide  assurance  that  future  studies  will  result  in  a therapeutic  modality? 

Review-Dr.  Walters 

Dr.  Walters  complimented  the  investigators  on  a well  designed  protocol.  However,  he 
noted  that  there  were  still  a few  remaining  concerns  following  his  communications  with 


[554] 


Recombinant  DNA  Research,  Volume  16 


Recombinant  DNA  Advisory  Committee  - 12/3-4/92 

the  investigators.  The  protocol  and  the  informed  consent  document  would  be  more 
accurately  titled,  A Phase  I Study  of  the  Effects  of  A Single  Administration  of ...  In 
addition,  the  early  introductory  sections  of  the  consent  form  should  clearly  state  it  is 
unlikely  that  there  will  be  any  clinical  benefit  to  the  patient  from  a single  administration 
of  this  vector. 

Dr.  Walters  questioned  the  exclusion  of  fertile  individuals  from  this  study.  The 
background  provided  by  the  investigators  explained  that  most  male  CF  patients  are 
infertile.  What  fraction  of  females  are  infertile  due  to  their  disease?  While  concern 
regarding  unintended  germ  line  effects  is  understood,  if  potential  subjects  are  willing  to 
commit  themselves  to  the  practice  of  contraception,  then  it  is  discriminatory  to  exclude 
individuals  solely  on  the  grounds  of  their  fertility.  The  investigators  need  to  discuss  the 
possible  effects  of  transmission  of  the  vector  to  a third  party  bystander.  Although  this 
protocol  is  well  designed,  the  responses  to  the  Points  to  Consider  in  the  Design  and 
Submission  of  Protocols  for  the  Transfer  of  Recombinant  DNA  into  the  Genome  of  Human 
Subjects  ( Points  to  Consider ) are  often  inadequate.  The  majority  of  responses  were 
primarily  references  to  the  protocol.  All  investigators  should  take  the  time  to  allow  the 
reviewers  to  form  an  adequate  conception  of  the  protocols  from  reading  through  the 
Points  to  Consider.  References  to  other  sections  do  not  provide  much  useful  information. 

Dr.  Walters  said  that  he  consulted  a pulmonologist  regarding  this  protocol.  The 
pulmonologist  noted  the  requirement  for  11  bronchoscopies.  Upon  further  examination. 
Dr.  Walters  documented  9 mandatory  bronchoscopies  and  11  optional  procedures.  What 
is  the  experimental  necessity  for  the  proposed  number  of  bronchoscopies?  The 
pulmonologist  inquired  whether  any  in  vitro  or  in  vivo  studies  have  been  performed 
regarding  the  effect  of  lidocaine  on  gene  transduction  or  expression. 

Other  Comments 

Dr.  Post  asked  if  the  administration  of  20  ml  of  vector  to  a patient's  bronchus  would 
cause  any  pain  or  discomfort?  Could  a portion  of  this  volume  be  coughed  up  by  the 
patient  and  subsequently  swallowed?  What  would  be  the  result  of  a CFTR  enteric 
infection? 

Dr.  D.  Miller  asked  if  there  is  any  justification  for  the  use  of  a negative  pressure  room 
for  these  patients?  The  RAC  should  decide  on  the  appropriate  level  of  containment  for 
these  procedures.  An  investigator  can  always  increase  the  level  of  containment;  an 
unnecessary  precedent  may  be  set  if  the  RAC  requires  negative  pressure  containment. 
Dr.  Leventhal  agreed  that  the  RAC  must  establish  a minimum  standard.  Dr.  D.  Miller 
explained  that  negative  pressure  containment  is  an  unnecessary  precaution,  because  the 
virus  is  debilitated  so  that  it  cannot  replicate  or  spread.  Does  CFTR  present  a unique 
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concern?  Dr.  Leventhal  asked  if  the  investigators  plan  to  perform  any  follow-up  studies 
on  the  health  care  providers  of  these  patients  regarding  the  transmission  of  the  virus. 

Presentation-Dr.  Crystal 

Dr.  Murray  called  on  Dr.  Crystal  to  respond  to  the  questions  and  comments  presented  by 
the  RAC  members.  Dr.  Crystal  provided  an  overview  on  CF,  the  most  common  lethal 
hereditary  disorder  of  Caucasians  and,  to  a lesser  extent,  Hispanics.  CF  pulmonary 
disease  causes  a thick,  sticky  mucus  that  results  in  chronic  infection,  inflammation,  and 
airway  obstruction.  CF  is  a progressive  disease;  the  average  life  span  of  a CF  patient  in 
the  United  States  is  approximately  29  years.  The  problems  associated  with  the 
gastrointestinal  tract  are  manageable.  The  majority  of  CF  male  patients  are  infertile. 
Current  therapy  for  CF  disease  involves  mechanical  approaches  to  airway  clearance,  i.e., 
antibiotics,  pancreatic  enzyme  replacement,  and  nutritional  supplementation. 

The  mutations  in  the  CFTR  gene  of  these  patients  causes  epithelial  ion  channel 
abnormalities  that  result  in  disease;  however,  the  mechanisms  are  not  clearly  understood. 
An  adenovirus  vector  was  chosen  for  the  transfer  of  the  corrected  gene  because  high 
titers  of  virus  are  obtainable  and  host  cell  proliferation  is  not  required.  The  receptor  for 
the  adenovirus  vectors  has  not  been  identified.  The  vector  enters  the  endosome  which 
has  a low  pH.  It  is  in  this  endosome  that  the  virus  probably  sheds  it's  coat  and  interacts 
with  the  nucleus;  however,  the  majority  of  the  vector  probably  works  extra- 
chromosomally. 

Dr.  Crystal  presented  in  vivo  data  from  the  cotton  rat  model  regarding  transmission  of 
the  vector  to  the  various  parts  of  the  airways.  Histological  examination  demonstrated 
100%  gene  expression  as  far  as  the  terminal  bronchioli  and  alveoli  in  these  animals. 

The  proposed  vector,  AdCFTR,  was  constructed  by  Drs.  Michel  Perricaudet  and  Chin 
Chu.  This  vector  is  based  on  an  E3-deleted,  El-deleted  adenovirus.  Approximately  35 
to  40%  of  the  Elb  region  is  remaining  in  addition  to  the  CFTR  cDNA 

Dr.  Crystal  addressed  the  issue  of  vector  safety.  Historically,  replication-competent 
adenoviruses  have  been  administered  to  humans  for  a variety  of  reasons.  In  the  early 
1960s,  adenovirus  infections  were  a major  problem  for  closed  populations  and  the 
military;  therefore,  live  Type  4 and  Type  7 vaccines  were  developed  and  marketed  to  the 
military.  It  is  estimated  that  over  5 million  doses  of  live  adenovirus  vaccine  have  been 
administered  to  date  with  no  epidemiologic  consequences.  Other  investigators  have 
documented  the  intra-muscular,  intra-cervical,  intra-arterial,  intravenous,  and  intra-nasal 
administration  of  live  adenoviruses.  Results  indicate  that  in  patients  with  pre-existing 
anti-adenovirus  serum  antibodies,  clinical  sequelae  are  mild  and  rare.  Therefore,  the 
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administration  of  replication-incompetent  adenovirus  should  not  present  any  apparent 
safety  concerns. 

Dr.  Crystal  addressed  the  issue  of  repeat  administration  that  would  be  proposed  for 
future  protocols.  If  a patient  developed  IgA  or  IgG  antibodies  as  a result  of  a single 
administration  of  this  vector,  would  these  immunoglobulins  interact  with  the  adenovirus 
and  block  receptor  binding-therefore,  interfere  with  efficacy?  Although  administration 
of  this  vector  invokes  serum  anti-AdCFTR  immunoglobulins  within  one  week,  there  are 
two  reasons  why  this  response  may  not  present  a dilemma  for  repeat  administration 
protocols:  (1)  the  clinical  experience  is  that  immunity  is  not  permanent,  and  (2)  the 
mucosal  immunity  does  not  correlate  with  serum  immunity.  He  presented  in  vivo 
neutralizing  antibody  titer  data  derived  from  rhesus  monkeys.  These  titers  were 
determined  for  both  serum  sampling  and  bronchial  lavage.  No  neutralizing  antibodies 
were  detected  in  the  airways  of  these  animals.  Mucosal  immunity  does  not  necessarily 
correlate  with  circulatory  immunity.  He  presented  in  vivo  cotton  rat  data  demonstrating 
the  ability  to  give  multiple  administrations  of  the  vector,  and  that  long-term  gene 
expression  is  possible. 

Dr.  Crystal  discussed  the  patient  inclusion  and  exclusion  criteria.  Eligible  patients  will 
be  Ela  negative  in  their  respiratory  epithelium  and  serum  antibody  positive.  Epithelial 
cell  samples  will  be  obtained  in  order  to  demonstrate  in  vitro  transduction  by  the  vector 
and  that  the  vector  does  not  replicate.  Safety  will  be  demonstrated  in  the  nasal 
epithelium  first.  If  no  adverse  effects  are  observed,  the  vector  will  be  administered  to 
the  patient's  lung.  It  is  probable  that  efficacy  will  be  observed  at  the  higher  vector  titer; 
however,  the  effect  will  probably  be  transient  over  a period  of  several  months. 

What  are  the  risks  associated  with  this  treatment?  One  concern  is  whether  the  vector  is 
capable  of  replicating  in  human  airway  epithelial  cells?  Data  demonstrates  that  the 
vector  is  incapable  of  replication  even  at  5 times  the  MOI  of  the  maximum  proposed 
dose.  Will  there  be  germ  line  transfer?  Primate  data  demonstrates  that  CFTR  mRNA 
is  expressed  only  in  airway  epithelial  cells;  there  was  no  evidence  of  expression  by  PCR 
in  any  other  tissues,  including  gonads. 

Dr.  Crystal  agreed  with  the  RAC  members'  concerns  regarding  the  sterility  criteria. 
There  is  no  indication  that  there  will  be  germ  line  transfer;  therefore,  the  appropriate 
changes  could  be  incorporated  into  the  informed  consent  document.  However,  women 
would  be  asked  to  exercise  appropriate  birth  control. 

In  regard  to  the  effects  of  vector  administration  and  bronchial  lavage  on  the  patient's 
lung,  Dr.  Crystal  stated  that  although  no  damage  occurs  to  the  lung,  there  is  an 
inflammatory  response  to  the  vector.  However,  this  inflammation  is  mild  and  transient 
compared  to  the  endogenous  inflammation. 
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Are  there  risks  associated  with  the  repeat  administration  of  the  vector?  Dr.  Crystal 
noted  that  no  evidence  of  untoward  effects  was  observed  in  either  the  cotton  rat  or  non- 
human primate  models.  Does  shedding  occur?  Shedding  is  infrequent  and  transient  in 
both  the  cotton  rats  and  non-human  primates.  The  vector  is  often  present  in  the  stool 
for  several  days,  but  then  disappears.  Is  recombination  possible?  Although 
recombination  is  possible,  the  risks  are  very  minimal  with  the  precautions  that  will  be 
taken.  Is  there  a risk  of  malignancy?  There  is  no  evidence  of  malignancy  associated 
with  this  virus  serotype.  The  possibility  of  genome  integration  is  very  remote.  In 
response  to  concerns  regarding  cDNA  regulation  and  CFTR  overexpression.  Dr.  Crystal 
said  that  no  clinical  signs  or  symptoms  have  been  observed  in  250  cotton  rats  for  as  long 
as  14  months  or  in  the  16  rhesus  monkeys  out  to  240  days. 

Dr.  Crystal  discussed  the  E3  region  in  further  detail.  The  region  deleted  from  the 
proposed  vector  is  approximately  3.5  kilobases  and  codes  for  6 proteins.  The  most 
important  of  these  proteins,  gp  19,  blocks  the  Class  I MHC  antigens  from  being 
expressed  on  the  epithelial  surfaces.  There  are  two  other  proteins  coded  by  this  region 
which  down-regulate  the  EGF  receptor.  E3  was  removed  from  the  vector  for  the 
purpose  of  reducing  the  size  of  the  vector  and  to  increase  the  stability  of  the  vector. 
Although  there  is  a greater  inflammatory  response  when  El  is  present  and  E3  is  deleted, 
if  there  is  a recombinational  event,  this  vector  is  safer  because  it  would  be  recognized 
and  eliminated  by  CTL.  Data  suggests  that  E3  minus  mutants  shed  less  than  E3  positive 
mutants. 

Dr.  Crystal  responded  to  Dr.  Parkman's  question  regarding  the  theoretical  possibility  that 
a patient  who  is  no  longer  shedding  the  vector  becomes  infected  with  adenovirus. 
Experiments  were  described  in  which  cotton  rats  received  either  El  minus  or  E3  minus 
mutants.  When  animals  received  the  replication-deficient  virus,  no  shedding  was 
observed.  When  these  animals  were  rechallenged  with  the  wild-type  vector  7 days  later, 
no  shedding  was  observed.  The  same  results  were  obtained  in  the  rhesus  model.  In 
response  to  Dr.  D.  Miller's  question  regarding  other  viruses  present  in  the  293  cells,  Dr. 
Crystal  said  that  the  293  cells  will  be  assayed  for  many  adventitious  viruses,  including 
AAV. 

Dr.  Crystal  stated  that  20  ml  was  chosen  as  the  administration  dosage  because  this  is  the 
volume  that  is  required  to  reach  the  entire  airway.  Can  any  predictions  be  made 
regarding  efficacy?  Efficacy  is  expected  at  the  higher  titers,  although  it  will  probably  be 
transient  over  a period  of  months.  In  vivo  animal  data  suggests  that  immunity  will  not 
be  a problem  in  terms  of  repeat  administration. 

Dr.  Crystal  agreed  with  Dr.  Walter's  suggested  change  in  the  title  of  the  protocol  and 
suggested  the  addition  of  the  word  lung  after  the  words  conductance  regulator.  Dr. 

Crystal  agreed  to  move  the  clinical  benefit  section  to  the  beginning  of  the  informed 
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consent  document.  In  response  to  concerns  regarding  third  party  casual  contact,  Dr. 
Crystal  stated  that  the  transfer  probably  would  not  occur  through  casual  contact. 

Regarding  the  number  of  bronchoscopies,  Dr.  Crystal  stated  that  he  has  had  experience 
with  CF  patients  who  have  received  more  than  40  bronchoscopies  over  a period  of  time. 
In  order  to  demonstrate  biological  efficacy  and  to  proceed  to  future  protocols,  the 
number  of  bronchoscopies  outlined  in  the  protocol  are  probably  necessary.  There  will  be 
a minimum  of  5 and  a maximum  of  9 obligatory  bronchoscopies.  The  language 
describing  the  bronchoscopy  procedures  will  be  clarified.  Dr.  Crystal  stated  that  there  is 
no  evidence  that  lidocaine  has  any  effect  on  gene  transduction  or  expression. 

Discussion 

Dr.  Post  asked  if  the  20  ml  volume  of  vector  will  be  removed.  Dr.  Crystal  acknowledged 
that  the  20  ml  will  be  removed  after  the  appropriate  period  of  time.  Dr.  Post  asked  if 
patients  tend  to  cough  when  this  volume  of  material  is  administered.  Dr.  Crystal  said 
that  the  local  anesthetic  causes  the  patient  to  lose  their  cough  reflex.  Patients  are 
observed  while  they  retain  the  20  ml  volume,  and  they  are  not  allowed  to  eat  during  this 
period. 

Is  negative  pressure  isolation  absolutely  critical  for  these  patients?  Dr.  Crystal  said  that 
the  rational  for  this  level  of  containment  was  to  use  the  same  criteria  required  for 
adenovirus  laboratory  work.  He  added  that  they  were  trying  to  be  extremely 
conservative,  and  that  negative  pressure  containment  would  be  employed  regardless  of 
the  RAC's  decision. 

Dr.  D.  Miller  asked  for  further  information  regarding  Ela  assessment.  Dr.  Crystal  said 
that  they  are  able  to  detect  Ela  with  a level  of  sensitivity  of  less  than  2 copies  per  109 
PFU.  Dr.  D.  Miller  asked  if  a bioassay  will  also  be  performed?  Dr.  Crystal  said  that 
vector  replication  assays  will  be  performed  on  freshly  isolated  normal  human  airway 
epithelium  at  an  MOI  of  1000.  Dr.  Crystal  noted  that  assays  are  not  performed  with  1010 
epithelial  cells,  because  this  experiment  would  be  technically  impossible.  Dr.  D.  Miller 
asked  why  HeLa  cells  are  not  used  for  the  replication-competent  assays.  Dr.  Crystal 
explained  that  the  gold  standard  is  the  in  vivo  cells,  which  is  the  airway  epithelium. 

Dr.  Geiduschek  inquired  if  the  safety  margin  of  the  vector  could  be  improved  by 
increasing  its  length  to  the  packaging  limit;  therefore,  decreasing  the  likelihood  of 
acquiring  a sequence  that  would  increase  replication-competence  of  other  properties. 

Dr.  Crystal  explained  that  as  the  100%  limit  is  approached,  the  construct  probably 
becomes  less  stable,  and  it  is  harder  to  obtain  the  same  levels  of  titer.  AdCFTR  has 
been  passaged  over  15  months.  The  sequence  of  the  construct  after  that  length  of  time 
has  remained  unchanged. 
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Dr.  Walters  noted  that  the  informed  consent  document  states,  Participation  in  this  study 
does  not  mean  automatic  inclusion  in  subsequent  studies.  Would  an  individual  who 
participates  in  this  protocol  be  less  eligible  for  participation  in  later  studies?  Dr.  Crystal 
stated  that  participation  in  this  protocol  would  not  affect  participation  in  subsequent 
protocols.  Dr.  Walters  also  asked  if  aerosol  administration  of  vector  would  be  more 
comfortable  to  the  patient  than  bronchial  lavage.  Dr.  Crystal  responded  that 
adenoviruses  can  certainly  be  aerosolized;  however,  an  unnecessary  safety  risk  may  be 
introduced  particularly  to  the  health  care  workers.  Aerosol  administration  may  be 
proposed  for  future  protocols,  but  it  is  not  an  appropriate  choice  for  this  early  study. 

Dr.  Zallen  asked  if  health  care  workers  would  be  monitored  in  any  way.  Dr.  Crystal  said 
that  there  are  no  plans  to  monitor  the  health  care  workers.  This  decision  is  based  on 
recommendations  from  both  epidemiologists  and  hospital  consultants. 

Dr.  D.  Miller  asked  if  reconstruction  experiments  were  performed  to  demonstrate  that  1 
in  10  particles  of  adenovirus  are  detectable.  Dr.  Crystal  said  that  these  experiments  have 
been  performed.  In  vitro  assays  will  be  performed  on  normal  allogeneic  human  airway 
epithelium  in  addition  to  their  own  airway  epithelium  at  an  MOI  that  is  5 times  the 
maximum  dose.  If  200  wild-type  adenovirus  particles  are  distributed  among  1010  cells, 
the  actual  MOI  is  approximately  105.  Dr.  D.  Miller  asked  if  a CF  patient  were  to  obtain 
100  particles  of  replication-competent  adenovirus,  what  complications  would  be 
observed?  Dr.  Ginsberg  said  that  100  particles  instilled  into  a CF  patient  could 
theoretically  produce  disease. 

Dr.  Schaechter  asked  what  percentage  of  the  patient's  lung  would  have  to  become 
transfected  in  order  to  realize  a therapeutic  benefit.  Dr.  Crystal  explained  that  the  gene 
product  is  expressed  at  extraordinarily  low  levels.  Very  little  expression  is  required  to 
improve  health.  The  mRNA  expression  in  the  airway  surface  cells  is  probably  due  to 
only  1 or  2 copies.  This  number  may  be  somewhat  higher  for  mucosal  cells.  Dr.  Chu 
has  demonstrated  that  exon  9 is  a critical  exon  in  the  first  nucleotide  binding  fold.  Dr. 
Chu  determined  that  the  3 CF  patients  studied  who  exhibited  a 90%  reduction  in  exon  9 
were  completely  normal.  This  data  suggests  that  all  the  patient's  cells  do  not  have  to 
have  the  normal  CFTR  gene.  Data  from  Dr.  Richard  Bouchet's  laboratory  suggests  that 
a 7 to  10%  transduction  of  the  epithelial  sheet  is  all  that  is  required  to  correct  the 
biology  of  these  cells.  Dr.  Crystal  suggested  that  cell-to-cell  communication  is  a possible 
explanation  for  this  result. 

Ms.  Meyers  suggested  that  the  investigators  should  add  a paragraph  regarding  protection 
of  the  patient  from  the  media.  Dr.  Crystal  agreed  to  add  a section  regarding  protection 
from  the  press  to  the  informed  consent  document. 
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Dr.  Post  asked  for  a description  of  the  generation  of  the  clinical  grade  vector 
preparations.  Dr.  Crystal  explained  that  his  laboratory  has  had  several  years  experience 
making  adenovirus  vector  lots  that  have  highly  reproducible  titers  and  that  are  free  of 
contaminants.  Dr.  Post  asked  about  the  degree  of  experience  with  the  detection  of 
helper  virus.  Dr.  Crystal  stated  that  helper  virus  assays  have  been  performed  routinely 
for  a long  period  of  time.  Dr.  Post  asked  if  an  Ela  positive  recombinant  virus  has  ever 
been  detected.  Dr.  Crystal  said  that  his  laboratory  has  detected  positive  Ela 
recombinant  virus  on  several  occasions,  and  that  these  lots  were  rejected.  Dr.  Post  asked 
how  often  these  positive  recombinants  are  detected.  Dr.  Crystal  said  that  the  critical 
question  is  where  is  the  recombinant  virus  coming  from?  In  most  cases,  the  Ela  positive 
virus  comes  from  the  293  cells.  The  recombinant  virus  probably  results  from  pieces  of 
DNA,  not  the  entire  virus.  All  vector  preparations  that  have  been  used  for  the  in  vitro 
and  in  vivo  experiments  have  been  Ela  negative.  Dr.  Post  asked  if  recombinants  have 
ever  been  detected,  not  Ela  sequences.  Dr.  Crystal  said  that  recombinants  have  never 
been  detected. 

Dr.  D.  Miller  inquired  whether  Ela  positive  samples  were  tested  in  bioassays  to 
determine  the  presence  of  replication-competent  helper  virus.  Dr.  Crystal  said  that  these 
bioassays  have  not  been  incorporated  as  part  of  the  routine  production  scheme  due  to 
concerns  about  HeLa  cells,  etc.  However,  bioassays  have  been  performed  at  random 
and  replication-competent  viruses  have  never  been  detected. 

Dr.  Geiduschek  said  that  he  is  aware  that  there  are  practical  limits  to  biological  assays 
for  the  detection  of  replication-competent  virus  posed  by  the  ability  of  Ela  minus  virus 
to  replicate  at  high  MOIs.  However,  it  is  possible  to  change  the  lower  contamination 
limit  by  performing  serial  plaque  purifications.  Therefore,  it  should  be  possible  to 
specify  precisely  that  specific  lots  of  virus  will  be  at  a contamination  level  of  X or  lower, 
where  X is  defined  and  consistent  between  the  various  lots.  Dr.  Crystal  said  that  he 
would  perform  these  assays  if  required  to  do  so  by  the  RAC.  However,  Dr.  Crystal 
explained  that  the  assays  that  are  outlined  in  the  protocol  are  the  experiments  that  are 
most  appropriate.  It  is  preferable  to  perform  only  the  assays  listed. 

Dr.  Ginsberg  agreed  with  Dr.  Geiduschek's  recommendation  that  serial  plaque 
purifications  be  performed  on  a non-permissive  cell  line  and  suggested  that  the 
investigators  include  this  experiment  in  the  vector  testing  procedures.  Dr.  Crystal  agreed 
that  his  laboratory  would  perform  the  suggested  assays.  Dr.  Ginsberg  suggested  that  the 
seed  virus  used  for  the  production  lots  should  be  assayed  in  addition  to  a sample 
obtained  after  6 cycles  of  production. 

Dr.  D.  Miller  suggested  that  a stipulation  be  included  that  there  be  less  that  1 
adenovirus  helper  particle  per  20  ml  of  vector  preparation.  Since  the  investigators 
cannot  obtain  enough  airway  epithelial  cells  to  test  1011  particles,  how  will  the  biological 
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assay  be  performed?  Dr.  Crystal  stated  that  106  cells  will  be  used  with  a MOI  of  1000. 
Dr.  D.  Miller  explained  that  the  assay  described  by  Dr.  Crystal  reflects  109  particles. 

Since  some  patients  will  receive  1011  particles,  how  will  less  than  1 replication-competent 
particle  in  10  be  determined?  Dr.  Crystal  agreed  that  this  determination  would  have  to 
be  made  on  a cell  line,  not  fresh  human  epithelial  cells.  Dr.  Ginsberg  noted  that  there 
are  existing  cell  lines  that  are  actually  more  sensitive  that  human  epithelial  cells. 

Committee  Motion 

A motion  was  made  by  Dr.  Parkman  and  seconded  by  Dr.  Schaechter  that  Dr.  Crystal's 
protocol  be  approved  with  following  stipulations:  (1)  the  title  of  the  protocol  and 
informed  consent  document  should  be  changed  as  suggested  by  Dr.  Walters,  (2)  the 
informed  consent  document  should  include  a statement  that  there  is  no  expected  long- 
term clinical  benefit  from  this  treatment,  and  this  statement  should  be  included  at  the 
beginning  of  the  benefit  section,  (3)  individuals  will  not  be  excluded  from  participation  in 
this  protocol  based  on  their  fertility  status,  and  (4)  demonstrate  that  there  is  less  than  1 
replication-competent  adenovirus  helper  particle  in  20  ml  of  the  highest  vector 
concentration.  The  motion  to  approve  the  protocol  with  the  aforementioned  stipulations 
was  approved  by  a vote  of  17  in  favor,  0 opposed,  and  no  abstentions. 

VI.  MINOR  MODIFICATION  AND  SUMMARY  PRESENTATION  OF  THE  PROTOCOL 
ENTITLED:  EX  VIVO  GENE  THERAPY  OF  FAMILIAL 
HYPERCHOLESTEROLEMIA  t /DR.  WILSON 

Presentation— Dr.  Wilson 

Dr.  Murray  called  on  Dr.  James  Wilson  of  the  University  of  Michigan  Medical  Center, 
Ann  Arbor,  Michigan,  to  present  an  update  on  his  approved  human  gene  therapy 
protocol.  Dr.  Wilson  explained  that  familial  hypercholesterolemia  (FH)  is  an  autosomal 
dominant  disease  in  which  patients  inherit  two  defective  genes.  One  of  these  genes  is 
the  gene  that  encodes  for  the  low-density  lipoprotein  (LDL)  receptor;  therefore,  patients 
are  either  homozygous  or  compound  heterozygotes.  The  function  of  the  LDL  receptor  is 
to  metabolize  LDL.  A deficiency  in  this  gene,  results  in  the  accumulation  of  LDL 
cholesterol  levels  between  500  and  1,000  milligrams  per  deciliter.  For  reasons  that  are 
unclear,  FH  patients  exhibit  diminished  levels  of  high-density  lipoprotein  (HDL).  These 
individuals  have  elevated  LDL  cholesterol  levels  from  birth  and  eventually  develop 
xanthomas  and  premature  coronary  artery  disease.  Patients  who  are  completely  void  of 
the  LDL  receptor  are  called  receptor  negatives.  This  population  has  an  average  survival 
of  approximately  10  years  of  age  due  to  the  sequelae  of  coronary  artery  disease.  Patients 
who  possess  residual  receptor  function  survive  into  their  20s. 
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The  objective  of  this  protocol  is  to  genetically  correct  a limited  number  of  autologous 
hepatocytes  and  reinfuse  these  corrected  cells  back  into  the  patient.  On  day  0,  the  left 
lateral  segment  of  the  liver  is  resected  and  a Pittman  style  catheter  is  inserted  into  the 
inferior  mesenteric  vein  that  feeds  the  portal  circulation.  Hepatocytes  are  isolated  from 
the  resected  portion  of  the  patient's  liver  and  exposed  to  the  recombinant  retrovirus  for 
2 days.  Within  72  hours  following  surgery,  these  transduced  cells  are  reinfused  into  the 
catheter. 

Dr.  Wilson  summarized  the  results  of  the  baboon  toxicity  studies.  Three  large  baboons 
underwent  the  aforementioned  procedure  with  the  same  retrovirus  vector  proposed  for 
the  human  trials.  These  animals  have  been  followed  for  IVi  years.  All  3 of  these 
animals  have  a normal  clinical  profile.  Serum  chemistries  and  hematologies  have  also 
been  performed  and  are  normal  except  for  a transient  increase  in  liver  enzyme  tests  at 
the  time  of  resection. 

In  situ  hybridization  has  been  performed  on  liver  sections  from  these  animals  to 
determine  if  the  transduced  cells  and  gene  expression  have  persisted.  Although  there  is 
some  variability  between  biopsy  specimens,  results  indicate  that  the  promoter  is 
functional  for  the  duration  of  the  animal  experiment  and  that  the  transduced  cells 
persist.  Since  these  animals  did  not  have  any  defect  in  their  LDL  receptor  gene,  the 
effect  on  serum  cholesterol  could  not  be  monitored. 

The  human  clinical  protocol  was  approved  for  3 patients  with  homozygous  FH. 

Although  the  study  was  approved  for  patients  of  any  age,  the  RAC  suggested  that  an 
adult  should  be  first  patient  to  receive  this  treatment.  This  patient  was  required  to  have 
documented  coronary  artery  disease,  acceptable  surgical  risks,  and  no  liver  pathology. 
The  first  patient  enrolled  in  this  protocol  was  a 29  year  old  female  from  Quebec, 
Canada.  The  French  Canadian  population  has  an  extremely  high  concentration  of 
patients  with  FH,  most  of  whose  genotypes  are  known.  This  patient  was  a homozygote 
with  two  defective  alleles,  both  of  which  had  a tryptophane/glycine  amino  acid 
substitution  at  position  66  which  resulted  in  a substantial  binding  defect.  This  patient 
had  2 brothers  die  from  coronary  artery  disease  at  ages  20  and  26.  The  patient  had  a 
total  serum  cholesterol  of  550  milligrams  per  deciliter  due  to  an  elevation  of  LDL,  a 
myocardial  infarction  at  16  years  of  age,  and  a coronary  artery  bypass.  At  the  time  of 
evaluation,  one  the  patient's  bypasses  had  failed  and  there  was  a lesion  in  the  left  main 
coronary  artery. 

At  the  time  of  surgery,  250  grams  of  her  left  lateral  liver  lobe  was  resected.  The  liver 
was  perfused  according  to  the  protocol  and  3 x 109  viable  cells  were  obtained.  These 
cells  were  plated  onto  800  10  centimeter  dishes.  After  48  hours,  the  cells  were 
transduced  and  then  harvested.  A total  of  2 x 109  cells  were  recovered  and  infused  in  3 
separate  aliquots.  Each  aliquot  was  examined  for  gross  contamination,  assayed  for  the 
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uptake  and  expression  of  the  gene,  and  assayed  for  LDL  receptor  activity.  LDL  receptor 
activity  was  assessed  by  incubating  the  cells  with  fluorescent  labelled  LDL  ligand  and 
analyzing  by  fluorescent  microscopy.  A plate-to-plate  variation  of  between  5 and  25% 
positive  cells  were  observed. 

Visualization  procedures  indicated  an  even  distribution  of  the  infused  cells  into  the 
intrahepatic  circulation.  The  patient  demonstrated  no  evidence  of  clotting  or 
intraluminal  thrombus. 

Three  months  following  the  treatment,  the  patient  returned  for  clinical  evaluation. 
Following  a liver  biopsy,  the  patient  demonstrated  no  evidence  of  gross  pathology.  Her 
liver  function  tests  were  normal.  Immediately  following  the  cell  infusion,  the  patient's 
LDL  cholesterol  decreased  to  approximately  180  milligrams  per  deciliter.  Since  the 
patient  most  likely  had  LDL  receptors  at  this  point,  she  was  given  medications  to  lower 
her  cholesterol.  Her  LDL  cholesterol  levels  continued  to  drop  slightly;  however,  this 
may  be  due  to  fluctuations.  The  patient's  HDL  cholesterol  level,  which  was  originally 
very  low,  is  increasing.  The  combination  of  increasing  HDL  and  decreasing  LDL  has 
decreased  her  cardiac  risk  factor  from  10  to  5. 

Dr.  Wilson  described  numerous  patients  who  have  been  evaluated.  A second  patient 
from  Costa  Rica  has  been  identified  and  evaluated.  Recently,  3 additional  patients  have 
been  identified  who  are  eligible  and  would  likely  benefit  from  this  treatment.  However, 
due  to  the  limitation  on  the  number  of  patients,  he  requested  a minor  modification  to  his 
previously  approved  protocol.  This  minor  modification  would  extend  the  number  of 
eligible  patients  from  3 to  5.  Increasing  the  number  of  patients  would  allow  the 
investigators  to  treat  2 brothers  from  Cyprus  ages  8 and  12,  who  have  severe  coronary 
artery  disease  and  a 7 year  old  girl  from  the  United  States  whose  sister  died  at  age  3 of 
severe  coronary  artery  disease. 

Committee  Motion 

A motion  was  made  by  Dr.  Leventhal  and  seconded  by  Ms.  Buc  to  extend  the  patient 
enrollment  for  this  protocol  from  3 to  5 patients.  The  motion  to  approve  the  minor 
modification  was  approved  by  a vote  of  16  in  favor,  0 opposed,  and  no  abstentions. 

VII.  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING  A HUMAN 
GENE  THERAPY  PROTOCOL  ENTITLED:  GENE  THERAPY  OF  CYSTIC  FIBROSIS 
LUNG  DISEASES  USING  El  DELETED  ADENOVIRUSES:  A PHASE  I TRIAL /DR. 
WILSON 
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Review— Dr.  DeLeon 

Dr.  Murray  called  on  Dr.  DeLeon  to  present  her  primary  review  of  the  protocol 
submitted  by  Dr.  James  Wilson  of  the  University  of  Michigan  Medical  Center,  Ann 
Arbor,  Michigan.  Dr.  DeLeon  stated  that  the  significance  and  biological  basis  for 
adenovirus-mediated  gene  therapy  of  CF  and  the  natural  history  of  the  disease  have 
been  extensively  presented  by  Drs.  Parkman  and  Crystal.  Therefore,  this  review  will  be 
limited  to  comments  on  the  procedures  proposed  in  Dr.  Wilson's  protocol. 

A total  of  12  patients  will  be  enrolled  in  this  protocol.  Patients  will  receive  escalating 
doses  of  the  vector,  which  will  be  administered  by  bronchoscopy.  Pulmonary  sampling 
will  be  performed  on  day  4,  6 weeks,  and  3 months  following  treatment.  The  endpoints 
of  this  study  have  been  clearly  defined.  The  investigators  will  determine  gene  transfer 
and  expression  via  biological  response  and  toxicity.  Clinical  efficacy  is  not  a goal  of  this 
protocol.  The  proposal  is  straightforward  and  adequately  addresses  the  issues  of  safety 
and  vector  classification.  However,  there  is  one  remaining  concern  regarding  the 
informed  consent  document.  The  consent  form  indicates  that  the  patient's  disease  will 
be  corrected.  Since  this  protocol  is  a feasibility  study  and  not  an  efficacy  trial,  only 
biological  endpoints  will  be  determined.  This  section  of  the  informed  consent  document 
should  be  corrected. 

In  Dr.  Haselkom's  absence,  Dr.  DeLeon  noted  several  concerns  which  were  outlined  in 
his  written  review:  (1)  Why  has  the  biopsy  application  section  been  omitted  from  the 
revised  protocol?  and  (2)  Why  are  the  investigators  administering  such  high  titers  of 
virus?  Dr.  DeLeon  noted  that  the  investigators  have  already  responded  to  the  viral  titer 
question  by  decreasing  the  doses  that  will  be  administered  to  patients. 

Review-Dr.  Zallen 

Dr.  Zallen  noted  this  protocol  requires  only  4 bronchoscopies;  this  requirement  is  in 
contrast  to  the  number  of  procedures  outlined  in  Dr.  Crystal's  protocol.  The  proposed 
bronchoscopies  were  originally  going  to  be  coupled  with  biopsies;  however,  the  biopsies 
have  been  omitted  from  the  revised  protocol.  This  modification  is  satisfactory.  Dr. 
Wilson  needs  to  respond  to  Dr.  Haselkom's  concern  regarding  the  risk  of  lung  collapse 
behind  the  balloon  and  associated  hypoxia.  Regarding  the  non-human  primate  model, 
Dr.  Zallen  asked  when  the  animals  were  sacrificed  following  the  infusion  of  the  lac/Z 
adenovirus. 

The  exclusion  criteria  of  fertile  individuals  was  discussed  previously  during  Dr.  Crystal's 
presentation.  The  same  guidelines  are  applicable  for  this  protocol,  namely,  individuals 
should  not  be  excluded  based  on  their  fertility  status.  Regarding  the  recruitment  process, 
are  there  any  concerns  that  these  patients  will  feel  an  emotional  obligation  to  participate 
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in  the  protocol  after  they  have  received  financial  compensation?  Dr.  Zallen  commended 
the  investigators  for  other  aspects  of  the  recruitment  process,  i.e.,  visiting  patients,  their 
families,  and  private  physicians  during  the  initial  screening  process.  Dr.  Zallen  said  that 
she  would  like  the  opportunity  to  review  the  revised  informed  consent  document. 

The  Points  to  Consider  document  is  somewhat  flawed  because  there  are  numerous 
references  to  the  protocol.  The  document  does  not  stand  alone  as  an  informational 
source.  The  RAC  should  establish  whether  this  format  is  acceptable.  The  non-technical 
abstract  is  too  brief;  more  information  should  be  included  regarding  the  experimental 
procedures. 

Other  Comments 

Dr.  Walters  noted  that  the  expected  benefits  section  of  the  informed  consent  document 
clearly  states  that  the  patient  will  not  benefit  from  this  study;  however,  this  assertion 
should  be  clearly  stated  in  the  purpose  of  the  research  section,  which  is  in  the  first  part 
of  the  document. 

Dr.  Parkman  said  that  patients  will  be  isolated  in  a negative  pressure  room  for  10  days. 

If  their  cultures  are  negative,  they  will  be  released.  How  many  cultures  will  be 
performed?  If  the  patients  continue  to  shed  virus  for  longer  than  10  days,  how  many 
times  will  they  have  to  be  negative  before  they  can  leave  isolation?  What  are  the 
exclusion  criteria  if  a patient  develops  a viral  infection  in  the  period  immediately  prior  to 
transduction?  What  are  the  exclusion  criteria  if  a patient  has  Ela  sequences  in  the 
bronchi  at  the  time  of  treatment? 

Presentation-Dr.  Wilson 

Dr.  Wilson  explained  that  an  attempt  was  made  to  localize  the  product  of  the  CFTR 
gene  in  the  proximal  airway  using  in  situ  hybridization  and  immunocytochemistry.  The 
CFTR  gene  was  difficult  to  detect  in  the  surface  epithelium  of  the  proximal  airways. 
However,  CFTR  is  extensively  expressed  throughout  the  distal  airway  as  well  as  the 
alveolar  structures.  These  data  suggest  that  the  cellular  targets  of  this  therapy  are  quite 
numerous  and  diverse-starting  with  the  proximal  airway  and  submucosal  areas  and 
throughout  the  distal  airway  and  airspace.  An  attempt  will  be  made  to  selectively  block 
a segment  of  the  lung  so  that  the  efficiency  of  gene  transfer  can  be  determined  in  the 
bronchus,  bronchioles,  and  the  distal  airway. 

The  animal  model  used  to  generate  the  in  vivo  data  is  the  CF  mouse,  which  was 
developed  by  Dr.  John  Engelhardt.  This  model  takes  advantage  of  the  ability  to  grow 
human  epithelial  cells  in  a immune-deficient  mouse.  Bronchial  epithelial  cells  are 
removed  from  a human  CF  lung  and  transplanted  to  the  trachea  of  a rat  that  has  been 
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denuded  of  its  epithelial  cells.  The  human-seeded  rat  trachea  is  then  grown  in  the  nude 
mouse.  The  CF  mouse  model  includes  tubing  that  has  been  tied  proximally  and  distally 
so  that  it  imitates  an  airway,  including  mucus  production.  This  airway  must  be  irrigated 
several  times  a day  in  order  to  prevent  occlusion.  The  advantage  of  this  model  is  that  it 
provides  a setting  for  the  introduction  of  genes  into  human  airway  epithelial  cells. 

He  described  in  vivo  experiments  in  which  lac/Z  and  CFTR  were  injected  into  the  lumen 
of  the  CF  mouse.  The  human  xenografts  were  subsequently  removed  and  evaluated  for 
gene  expression.  The  epithelium  generated  on  the  surface  of  the  xenograft  is  identical  to 
that  of  the  proximal  airway,  i.e.,  ciliated  cells,  goblet  cells,  and  basal  cells.  Data 
demonstrates  that  1012  PFU  injected  into  the  lumen  results  in  a graft  transduction 
efficiency  between  15  and  40%.  Injection  of  109  PFU  resulted  in  transduction  of  1 to  4% 
of  the  graft.  When  the  human  xenografts  were  left  in  the  animals  for  3 weeks  following 
transduction,  no  diminution  of  gene  expression  was  observed  during  this  period  of  time. 

Dr.  Wilson  presented  data  regarding  the  types  of  cells  that  are  infected  by  the  vector. 
Using  immunofluorescent  staining,  he  demonstrated  that  there  is  co-localization  of  the 
recombinant  gene  protein  only  in  differentiated  cells,  not  progenitor  cells.  Consequently, 
it  may  be  necessary  to  administer  subsequent  vector  challenges. 

The  human  xenografts  have  been  evaluated  for  adenovirus  protein  expression.  Double 
immunofluorescence  was  used  to  determine  which  cells  contain  the  recombinant 
adenovirus  and  if  these  cells  express  the  adenovirus  protein.  Data  suggests  that  there  is 
immune  localization  to  a 72  kd  early  protein,  E2a.  Between  3 and  5%  of  the  human 
cells  express  E2a.  The  same  experiment  was  performed  to  determine  expression  of  a 
late  gene  product  using  exon  and  fiber  protein  antibody.  Expression  of  these  late  gene 
products  were  essentially  undetectable.  This  result  is  consistent  with  other  data 
regarding  El-deleted  adenoviruses.  Specifically,  there  is  a block  in  the  transition  from 
early  to  late  protein  expression. 

Dr.  Wilson  presented  virus  distribution  experiments  that  were  performed  in  the  baboon 
animal  model.  Animals  received  20  ml  of  lac/Z  virus  into  the  posterior  segment  of  the 
left  upper  lobe.  The  lung  was  removed  on  day  3,  perfused,  and  washed  with  X-gal  to 
evaluate  lac/Z  expression  in  situ.  Results  indicate  that  the  majority  of  gene  expression 
remains  in  the  posterior  segment.  The  reason  for  localizing  the  infusion  of  the  virus  is  to 
minimize  the  amount  of  lung  at  risk  in  the  event  that  adverse  reactions  occur. 

Dr.  Wilson  described  an  in  vivo  toxicity  experiment  in  which  a 33  kilogram  baboon 
received  the  CFTR  adenovirus  into  the  posterior  segment  of  the  right  upper  lobe  and 
lac/Z  into  the  left  upper  lobe.  Bronchial  lavage  was  performed  on  both  lobes  on  days  3, 
14,  and  21,  in  addition  to  brushings  and  biopsies.  Although  the  data  analysis  is  still  in 
progress  on  the  samples  obtained  from  this  animal,  preliminary  data  indicates  a variation 
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in  cell  distribution  ranging  from  neutrophils  to  macrophages.  Transient  expression  of 
both  lac/Z  and  CFTR  were  observed  on  day  3 in  the  segments  in  which  they  were 
introduced.  Studies  have  been  initiated  in  the  cotton  rat  model  to  evaluate  toxicity  and 
distribution  of  gene  expression. 

Revisions  have  been  made  to  the  clinical  protocol  regarding:  (1)  changes  in  vector 
dosages,  and  (2)  elimination  of  the  transbronchial  biopsy  procedure.  Patients  1 through 
3 will  receive  107  PFU  per  ml,  patients  4 through  6 will  receive  108  PFU  per  ml,  patients 
7 through  9 will  receive  109  PFU  per  ml,  and  patients  10  through  12  will  receive  1010 
PFU  per  ml.  The  transbronchial  biopsy  has  been  eliminated  as  part  of  the  evaluation 
because  it  is  not  critical  in  answering  questions  posed  by  the  protocol.  In  addition,  the 
procedure  would  probably  contribute  substantially  to  the  morbidity  of  the  bronchoscopy. 

In  response  to  Dr.  D.  Miller's  concerns  regarding  helper  virus  contamination.  Dr.  Wilson 
noted  that  all  of  the  vector  seed  lots  have  been  evaluated  by  PCR  analysis  and  biological 
amplification  assays  using  the  extended  culture  of  the  packaging  cells.  Biological  assays, 
using  HeLa  cells,  is  the  preferable  method  of  analysis.  HeLa  cells  can  be  diluted  to  the 
point  that  no  cytopathic  effects  are  observed.  These  cells  can  be  propagated  over  a 
period  of  time.  The  important  issue  is  what  point  should  the  recombinant  stock  be 
diluted  to  circumvent  the  cytopathic  effects.  Dr.  Wilson  proposed  dividing  the  lot  into  2 
aliquots  and  evaluate  one-half  of  the  lot  for  replication-competent  helper  virus.  One-half 
of  a lot  is  equivalent  to  one-half  of  the  maximum  dose,  i.e.,  1 x 1010  PFU  per  10  ml. 
Therefore,  the  limit  of  detection  would  be  off  by  only  1 virus  particle.  Testing  of  one- 
half  of  a lot  could  be  accomplished  using  approximately  200  10  centimeter  plates. 

Dr.  D.  Miller  asked  how  long  these  plates  will  be  cultured.  Dr.  Wilson  answered  that 
the  plates  will  be  grown  for  28  days;  these  plates  will  be  split  2 to  3 times  during  this 
incubation  period.  Dr.  Post  inquired  whether  the  helper  virus  assay  will  be  performed 
on  the  seed  lot  or  the  production  lot  of  virus.  Dr.  Wilson  stated  that  the  production  lot 
will  be  cultured.  The  seed  lot  will  be  evaluated  for  other  adventitious  viruses.  A lysate 
will  be  made  from  the  seed  lot  and  analyzed  for  gross  contamination. 

Dr.  Wilson  agreed  to  incorporate  all  of  the  suggestions  offered  by  the  RAC  members 
regarding  the  informed  consent  document.  He  stated  that  he  was  especially  in 
agreement  with  the  committee  members  about  the  issue  of  fertility.  The  likelihood  of 
germ  line  transmission  is  extremely  unlikely.  The  testes  of  the  male  primates  have  been 
extensively  analyzed  for  recombinant  protein  and  RNA  expression.  Rabbits  have 
received  large  infusions  of  virus,  and  their  gonads  have  been  evaluated  for  gene 
expression.  No  evidence  of  germ  line  transfer  has  been  observed  in  either  the  primate 
or  rabbit  models. 
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The  issue  of  recruitment  presents  several  difficulties.  The  majority  of  problems  that 
have  been  encountered  focus  on  the  referring  physician,  who  is  known  and  trusted  by 
these  individuals.  In  certain  circumstances,  however,  there  are  problems  associated  with 
misinformation  on  the  part  of  the  patient's  physician.  Despite  the  time  that  is  taken  to 
thoroughly  explain  the  protocol  to  the  primary  physician,  the  information  is  not  always 
relayed  adequately  to  the  patient.  To  avoid  this  situation.  Dr.  Wilson  said  that  he  or  one 
of  his  co-investigators  visits  the  referring  physician  when  feasible.  Travel  is  not  always 
possible,  e.g.,  the  patient  identified  in  Cyprus. 

Dr.  Wilson  responded  to  the  RACs  concerns  regarding  pre-screening  for  El  sequences. 
Data  suggests  that  El  sequences  can  be  found  by  PCR  in  pulmonary  cells  recovered 
from  the  lung.  PCR  analysis  would  provide  misleading  information  and  suggested  that 
patients  should  be  evaluated  for  any  overt  clinical  infections  through  culture  techniques. 

In  regard  to  the  length  of  time  patients  will  be  required  to  stay  in  the  negative  pressure 
facility,  Dr.  Wilson  stated  that  patients  will  be  released  after  3 consecutive  negative 
cultures.  Dr.  Wilson  called  on  his  collaborator,  Dr.  Richard  Simon,  a pulmonologist,  to 
respond  to  the  issue  of  damage  to  the  lung  caused  by  the  proposed  procedures. 

Dr.  Simon  explained  that  only  5%  of  the  patient's  total  airway  will  be  occluded.  This 
temporary  loss  of  ventilation  should  not  cause  any  significant  problem  to  the  patient. 

Any  signs  of  hypoxia  will  be  easily  detectable  because  these  patients  will  be  monitored 
continuously  for  arterial  saturation  with  a finger  oximeter.  The  period  of  time  that  will 
be  required  for  occlusion  is  10  minutes  in  order  to  achieve  excellent  gene  transfer. 

Dr.  Walters  asked  if  the  volume  to  be  administered  to  the  patient  has  been  reduced 
from  the  50  ml  volume  that  was  proposed  originally.  Dr.  Wilson  stated  that  the  volume 
has  been  reduced  to  20  ml.  Dr.  Walters  asked  Dr.  Wilson  if  he  would  agree  to  move  the 
expected  benefit  section  of  the  informed  consent  as  discussed  earlier.  Dr.  Wilson  agreed 
to  move  the  statement  to  the  front  section  of  the  document. 

Dr.  D.  Miller  noted  that  it  is  important  for  the  RAC  to  remember  that  Dr.  Crystal  and 
Dr.  Wilson  are  proposing  vectors  that  have  slightly  different  promoters.  What  is  the 
level  of  CFTR  expression  from  the  proposed  vector  compared  to  the  endogenous  level? 
Dr.  Wilson  responded  that  the  level  of  expression  depends  on  the  specific  cell  type.  The 
level  of  expression  in  epithelial  cells  is  greater  than  endogenous  expression  in  most  cases; 
however,  probably  not  more  that  a 10-fold  increase. 

Committee  Motion 

A motion  was  made  by  Dr.  Zallen  and  seconded  by  Dr.  D.  Miller  to  approve  the 
protocol  with  the  following  stipulations:  (1)  delete  the  inclusion/exclusion  criteria  that 
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limits  the  protocol  to  infertile  individuals,  (2)  submit  a revised  informed  consent 
document  that  incorporates  the  suggestions  made  by  Drs.  Zallen,  DeLeon,  and  Walters, 
and  (3)  the  production  lots  to  be  used  in  humans  should  be  demonstrated  to  have  less 
than  1 particle  of  replication-competent  adenovirus  per  patient  dose.  The  motion  to 
approve  the  protocol  passed  by  a vote  of  16  in  favor,  0 opposed  and  no  abstentions. 

VIII.  DISCUSSION  REGARDING  PROPOSED  RAC  REVIEW  OF  EUROPEAN  HUMAN 
GENE  THERAPY  PROTOCOLS/DR.  BLAESE 

Background-Dr.  Wivel 

In  Dr.  Blaese's  absence,  Dr.  Murray  called  on  Dr.  Wivel  provided  background 
information  regarding  the  European  request  for  assistance  in  the  review  of  human  gene 
therapy  protocols.  Dr.  Wivel  explained  that  Dr.  Blaese  was  contacted  by  the  European 
scientific  and  medical  community  with  a request  that  the  RAC  provide  review  for  a 
protocol  that  has  been  proposed  by  European  investigators. 

The  European  community  (EC)  has  not  decided  in  a unified  way  how  they  plan  to 
organize  and  legislate  gene  therapy.  The  EC  is  a multinational  organization  that  has  the 
responsibility  for  establishing  policy  on  safety  issues  for  biotechnology.  The  EC  is 
requesting  a one  time  review  of  a gene  therapy  protocol  in  order  to  assist  them  in  the 
establishment  of  certain  policies. 

Dr.  Parkman  said  that  the  EC  has  complemented  the  RAC  by  their  request  for 
assistance  in  the  review  process.  It  is  appropriate  for  the  RAC  to  undertake  this  task 
and  review  the  proposed  protocol  with  the  same  standards  that  have  been  exercised  for 
previous  protocols.  Dr.  Post  said  that  the  EC  has  already  initiated  several  human  gene 
therapy  protocols,  e.g.,  France  and  the  Netherlands.  Why  has  this  request  come  at  this 
point  in  time?  Dr.  Wivel  responded  that  there  is  some  concern  about  the  degree  of 
stringency  that  is  employed  in  the  review  process,  and  that  there  is  a great  deal  of 
variation  in  the  process  among  countries.  The  EC  is  interested  in  establishing  a set  of 
uniform  standards  for  review. 

Dr.  Anderson  provided  further  background  information  on  this  issue.  Approximately 
years  ago  a similar  request  was  submitted  to  the  Human  Gene  Therapy  Subcommittee 
(HGTS).  Given  the  political  climate  in  Europe  at  the  time,  the  Europeans  decided  that 
they  did  not  want  to  rely  on  the  advice  of  the  Americans;  therefore,  they  decided  to 
establish  their  own  review  committee.  Since  that  time,  several  European  investigators 
have  received  approval  to  initiate  human  gene  therapy  protocols;  however,  the  process 
was  long  and  difficult.  The  EC  has  ascertained  that  a universal  pattern  of  review  is 
necessary.  The  EC  has  decided  that  if  the  RAC  would  be  willing  to  provide  review  of  a 
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human  gene  therapy  protocol,  these  standards  would  be  adopted  for  the  entire 
community. 

Ms.  Buc  said  that  any  individual  from  the  EC  is  welcome  to  attend  RAC  meetings  since 
they  are  open  to  the  public.  She  expressed  doubt  that  the  review  of  a single  protocol 
would  provide  enough  meaningful  information  from  which  to  base  policy  decisions.  She 
stated  that  she  was  disinclined  to  provide  the  requested  review. 

Mr.  Barton  said  that  if  a European  decision-maker  asked  the  RAC  to  provide  advice  in 
the  same  manner  that  the  committee  provides  advice  to  the  NIH  Director,  the  RAC 
should  agree  to  the  request.  However,  if  the  request  arises  from  a scientific  community 
that  mistrusts  its  regulators  and  wants  the  RACs  seal  of  approval  in  order  to  persuade 
officials,  then  the  RAC  should  decline  the  request.  Dr.  Geiduschek  agreed  with  the 
statements  made  by  Mr.  Barton.  Unless  this  request  has  a particular  origin  and  a 
particular  status  within  the  EC,  then  the  RAC  should  probably  not  consider  the  request. 

Dr.  Parkman  said  that  although  the  issues  encompassing  informed  consent  may  present 
specific  problems,  the  scientific  issues  should  be  universal.  He  encouraged  the  RAC  to 
consider  the  EC  request.  Dr.  Chase  said  that  the  RAC  should  not  disaggregate  the 
review  of  specific  components  of  a protocol  because  the  committee  would  not  be 
providing  a complete  review.  Conversely,  the  RAC  has  received  this  request  from 
friendly  nations;  and  perhaps  individual  members  could  volunteer  to  assist  the  EC  in 
developing  their  own  process.  Dr.  Chase  said  that  the  RAC  should  be  cooperative; 
however,  they  should  not  serve  as  a substitute  review  body  for  other  countries. 

Ms.  Meyers  said  that  the  RAC  should  consider  all  of  the  human  beings  in  the  world  and 
that  the  goal  of  gene  therapy  is  to  alleviate  the  suffering  of  mankind.  The  RAC  should 
do  everything  in  its  capacity  to  assist  the  EC  in  its  efforts. 

Mr.  Pierre  Lehn  from  Paris,  France,  commented  on  the  issue  of  RAC  review  of  a 
European  human  gene  therapy  protocol.  He  commended  the  United  States  for 
establishing  a system  of  public  review,  noting  that  he  has  attended  numerous  RAC 
meetings.  However,  Mr.  Lehn  agreed  with  Ms.  Buc  that  attendance  at  these  public 
meetings  should  provide  ample  assistance  to  European  investigators  and  regulators,  and 
that  the  EC  should  be  held  accountable  for  establishing  their  own  process  of  review. 

Dr.  Schaechter  agreed  with  Dr.  Chase's  comments  regarding  the  inappropriateness  of 
review  of  this  protocol  by  the  entire  RAC;  however,  there  is  sufficient  expertise  among 
the  committee  members  that  a volunteer  committee  could  be  established  to  provide  the 
requested  review. 
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Dr.  Post  suggested  that  the  EC  or  any  other  body  can  consult  any  subgroup  of  the  RAC 
and  use  any  subgroup  of  the  RAC  as  consultants,  but  that  the  RAC  as  an  entity  should 
not  entertain  foreign  proposals. 

Dr.  Thierry  Velu  from  Brussels  University  commented  on  the  European  request.  He 
informed  the  RAC  of  an  existing  European  human  gene  transfer  committee  which  has 
recently  been  constituted.  The  first  meeting  of  this  committee  was  held  several  months 
ago.  At  the  meeting,  the  committee  discussed  the  establishment  of  an  advisory  body  that 
would  be  equivalent  to  the  RAC.  However,  the  recommendation  was  rejected  by  the 
committee  members  for  several  reasons.  The  committee  agreed  that  any  review  body 
would  be  constituted  with  investigators  who  desire  approval  of  their  own  human  gene 
transfer  protocols.  Composition  of  the  committee  by  such  individuals  would  represent  a 
clear  conflict  of  interest.  The  committee  decided  that  a set  of  guidelines  should  be 
established  as  the  first  step  of  this  process,  and  that  these  guidelines  should  be 
equivalent  to  the  Points  to  Consider. 

Mr.  Barton  stated  that  an  attempt  to  establish  a resolution  on  this  issue  at  this  point  may 
unintentionally  draw  lines  and  send  signals  that  the  RAC  is  not  ready  to  send. 

Dr.  D.  Miller  said  that  a reply  should  be  made  that  the  RAC  would  like  to  assist  the  EC; 
however,  subject  to  time  limitations,  the  committee  cannot  review  an  unlimited  number 
of  protocols.  He  added  that  there  is  not  enough  information  available  to  the  RAC  about 
this  request  to  provide  an  adequate  response  at  this  time. 

Dr.  Murray  stated  that  Mr.  Barton  and  Dr.  Schaechter  have  completed  their  terms  as 
members  of  the  RAC.  Dr.  Murray  expressed  the  RACs  appreciation  for  their 
dedication  and  contributions  to  the  committee  and  thanked  them  for  their  service.  Dr. 
Murray  stated  that  this  is  her  last  meeting  as  Chair  of  the  RAC  and  thanked  Dr.  Wivel 
and  the  staff  of  the  Office  of  Recombinant  DNA  Activities  for  their  assistance  and  said 
that  it  was  an  honor  to  have  served  on  the  RAC.  The  members  of  the  RAC  commended 
Dr.  Murray  for  her  dedication  and  service  while  serving  as  both  a member  and  as  Chair 
of  the  RAC.  Dr.  Murray  has  executed  her  responsibilities  in  an  exemplary  manner  and 
the  committee  is  indebted  to  her. 

IX.  ADDITION  TO  APPENDIX  D OF  THE  NIH  GUIDELINES  REGARDING  A HUMAN 
GENE  THERAPY  PROTOCOL  ENTITLED:  CYSTIC  FIBROSIS  GENE  THERAPY 
USING  AN  ADENOVIRUS  VECTOR:  IN  VIVO  SAFETY  AND  EFFICACY  IN  NASAL 
EPITHELIUM /DR  WELSH 
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Review~Dr.  Post 

Dr.  Murray  called  on  Dr.  Post  to  present  his  primary  review  of  the  protocol  submitted  by 
Dr.  Michael  J.  Welsh  of  the  Howard  Hughes  Medical  Institute,  University  of  Iowa 
College  of  Medicine,  Iowa  City,  Iowa.  Dr.  Post  said  that  most  of  his  original  concerns 
have  already  been  addressed  and  resolved  during  the  presentation  of  Drs.  Crystal  and 
Wilson's  protocols.  Therefore,  he  said  that  he  would  keep  his  comments  to  those  issues 
that  are  significantly  different  from  the  previously  reviewed  CF  protocols. 

The  most  significant  difference  about  this  CF  protocol  is  that  the  virus  will  be  applied  to 
the  nasal  epithelium  of  the  patient,  not  the  lung.  Nasal  administration  provides  the 
added  assurance  that  if  untoward  effects  occur,  e.g.,  an  inflammatory  response,  the 
consequences  will  be  less  severe  than  effects  that  might  occur  in  the  lung.  In  regard  to 
efficacy,  the  investigators  will  have  more  direct  access  to  the  transduced  tissue. 

The  investigators  propose  to  use  a Type  2 adenovirus-based  vector  rather  than  a Type  5 
adenovirus.  Dr.  Welsh  has  stated  that  the  decision  to  use  the  Type  2 virus  was  arbitrary. 
The  proposed  vector  has  retained  the  E3  gene.  Although  the  increased  size  of  the 
vector  has  compromised  yield,  there  are  no  longer  concerns  about  the  possibility  of  an 
inflammatory  response  to  the  vector  that  is  greater  than  wild-type  virus. 

Due  to  the  localized  administration  of  this  therapy,  the  dosages  will  be  less  than  those 
proposed  for  the  lung  administration  protocols.  Patients  will  receive  3 doses  that  will 
escalate  from  2 x 106  PFU  to  a maximum  dose  of  5 x 107  PFU. 

Preclinical  animal  studies  have  been  performed  in  monkeys,  hamsters,  and  cotton  rats. 

In  vivo  safety  and  efficacy  experiments  demonstrated  efficient  transduction  of  the  nasal 
epithelium  and  only  mild  inflammation  at  doses  that  were  significantly  higher  than  those 
proposed  for  the  human  protocol.  Virus  detection  in  secretions  and  excretions  was 
observed  for  only  a few  days. 

Dr.  Post  noted  that  the  DNA  sequence  of  the  entire  vector  was  not  provided.  The  DNA 
sequence  that  was  provided  by  the  investigators  was  that  of  the  starting  plasmid. 

Approval  of  the  protocol  should  be  contingent  on  the  review  of  this  sequence.  Dr. 

Welsh  has  stated  that  he  will  submit  the  entire  vector  sequence  when  it  becomes 
available. 

Dr.  Post  stated  that  the  detection  of  Ela  sequences  is  probably  easier  in  this  protocol 
than  for  the  other  CF  protocols  because  the  total  number  of  viral  particles  is  significantly 
less.  The  PCR  assay  proposed  by  Dr.  Welsh  will  detect  20  Ela  positive  adenovirus 
particles  in  a background  of  109  particles.  This  level  of  sensitivity  will  detect  1 particle  in 
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a single  dose  at  the  highest  concentration.  The  investigators  propose  to  perform  HeLa 
cell  assays  in  which  lCr  PFU  will  be  plated  onto  107  cells. 

Dr.  Post  said  that  there  is  no  requirement  that  the  virus  should  be  handled  under  sterile 
conditions  during  the  purification  process.  The  investigators  responded  that  they  will  use 
sterile  filters  in  the  preparation  and  perform  sterility  testing.  Perhaps  the  reason  that 
sterility  is  not  as  critical  as  for  the  other  protocols  is  that  the  vector  will  be  administered 
to  the  nasal  epithelium. 

Dr.  Post  said  that  most  of  the  pertinent  issues  have  been  dealt  with  effectively,  and  this 
protocol  is  complementary  to  the  CF  protocols  reviewed  earlier.  He  recommended  that 
the  protocol  should  be  approved  by  the  RAC. 

Review-Dr.  Hirano 

Dr.  Hirano  expressed  concern  about  the  proposed  sample  size  of  the  study.  The 
investigators  will  treat  a total  of  3 patients,  and  each  patient  will  receive  a different 
vector  dose,  i.e.,  2 x 106,  2 x 107,  and  5 x 107  PFU.  Will  sufficient  information  be 
obtained  to  fulfill  the  stated  objectives  of  this  protocol;  specifically,  can  safety  and 
efficacy  be  demonstrated?  What  is  the  likelihood  that  patients  will  become  ineligible  for 
participation  in  future  studies  in  which  assessment  of  therapeutic  benefits  is  a primary 
objective?  What  is  the  current  status  of  the  investigator's  ability  to  produce  production 
lots  that  have  the  required  titer  and  absence  of  contaminating  materials? 

Review-Dr.  Carmen 

Dr.  Carmen  stated  that  he  would  like  Dr.  Welsh  to  discuss  the  implication  of  not 
incorporating  the  E3  deletion  into  the  proposed  vector.  He  noted  that  this  protocol, 
along  with  the  two  CF  protocols  approved  earlier,  are  important  CF  research  being 
conducted  at  3 separate  universities  focusing  on  the  cutting  edge  of  clinical  investigation. 
This  area  of  research  needs  as  many  qualified  investigators  working  on  therapies  as 
possible.  Dr.  Carmen  recommended  approval  of  this  protocol. 

Other  Comments 

Ms.  Meyers  stated  that  the  University  of  Iowa  IRB  expressed  concern  about  the 
requirement  that  the  patient  will  be  held  responsible  for  making  arrangements  for  the 
payment  of  expenses  related  to  treatment.  Dr.  Welsh's  response  states,  I agree  with  you 
and  your  committee's  concern  that  a policy  may  need  to  be  instituted  to  support  the  payment 
of  any  injury  that  could  be  incurred  in  the  absence  of  negligence , but  the  present  wording 
and  regulations  are  ones  with  which  I must  comply.  Ms.  Meyers  asked  Dr.  Welsh  to 
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discuss  why  he  is  required  to  comply  with  this  policy  since  his  own  IRB  has  raised 
questions  regarding  the  issue. 

Ms.  Meyers  said  that  patients  will  be  compensated  for  participation  in  this  protocol. 
There  are  moral  and  ethical  concerns  regarding  such  compensation.  Specifically,  patients 
who  are  disabled  and  without  income  may  be  coerced  unintentionally  into  participating 
in  the  study. 

Dr.  Post  asked  Dr.  Ginsberg  if  the  Ela  minus  virus  in  monkey  cells  is  significantly 
different  from  the  Ela  minus  virus  in  human  cells.  Dr.  Ginsberg  replied  that  in  the 
consideration  of  safety,  one  should  always  consider  results  obtained  in  the  animal  model 
in  which  pathology  is  produced.  Since  pathology  is  not  produced  in  the  monkey,  then  it 
should  not  be  used  for  comparison  to  the  human  situation.  Dr.  Doi  asked  for 
clarification  regarding  data  on  the  MOI. 

Dr.  Parkman  noted  that  the  investigators  will  monitor  virus  secretion  from  the  patient's 
nose.  If  a patient  were  to  swallow  some  of  the  vector  and  it  replicated  in  the 
gastrointestinal  tract,  there  could  be  secretion  from  the  stools.  Therefore,  a patient 
could  have  negative  cultures  from  the  nose  but  still  have  positive  excretion  for  the  stools. 
Why  me  stool  cultures  not  being  performed?  If  patients  are  still  secreting  or  excreting 
virus  after  1 month,  they  would  be  allowed  to  leave  the  negative  pressure  containment 
facility  for  humane  reasons.  What  are  the  risks  to  other  individuals  of  releasing  a 
patient  that  is  known  to  be  actively  secreting  virus? 

Presentation-Dr.  Welsh 

Dr.  Welsh  stated  that  he  would  limit  his  presentation  to  the  issues  of  safety  and  efficacy. 
The  safety  profile  in  monkeys,  cotton  rats,  hamsters,  and  cultured  cells  are  very 
encouraging;  however,  there  are  specific  questions  about  this  therapy  that  only  can  be 
answered  in  the  human.  Since  minor  safety  concerns  still  exist,  a conservative  approach 
to  this  therapy  is  being  proposed.  Information  derived  from  this  early  study  will  provide 
critical  data  that  will  be  used  for  the  design  of  future  clinical  efficacy  trials. 

Dr.  Welsh  presented  a brief  outline  of  the  protocol.  Three  patients  will  be  entered  into 
the  study.  In  response  to  Dr.  Hirano's  concern  about  the  limited  number  of  patients 
enrolled  in  this  study,  Dr.  Welsh  stated  that  this  number  of  individuals  will  provide 
sufficient  information  to  proceed  to  trials  in  the  lung.  The  dosages  of  vector  that  will  be 
administered,  between  2 x 106  and  5 x 107  PFU,  have  been  chosen  to  provide  safety  and 
efficacy  data.  Exclusion  criteria  and  precautions  have  been  outlined  in  the  protocol. 

Nasal  epithelium  has  been  chosen  as  a model  system  for  the  preliminary  studies  because 
the  nasal  and  intrapulmonary  epithelial  cells  have  the  same  morphology,  i.e.,  barrier 
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properties  and  transport  properties.  Specifically,  the  nasal  epithelial  cells  of  these 
patients  have  the  same  chloride  transport  defect  as  the  bronchial  epithelia.  The  nasal 
epithelium  has  been  used  traditionally  for  the  initial  testing  of  therapies  designed  to  treat 
CF.  The  nasal  epithelium  offers  the  following  advantages  for  assessing  safety  and 
efficacy:  (1)  there  is  a defined  area  of  application,  (2)  information  can  be  derived 
regarding  the  relationship  between  the  input  of  virus  and  the  biological  response  in  order 
to  determine  the  optimal  MOI,  (3)  nasal  administration  offers  the  advantage  of  frequent 
measurements  because  it  is  a non-invasive  procedure,  (4)  daily  measurements  can  be 
determined  without  risk  to  the  patient,  (5)  surface  fluid  can  be  obtained  for  the  purpose 
of  culturing  for  virus,  and  cells  can  be  monitored  for  possible  inflammatory  responses, 

(6)  biopsies  can  be  obtained  from  the  nasal  epithelium,  which  will  be  important  for  the 
assessment  of  cytopathic  effects  and  the  detection  of  subtle  changes  in  the  epithelium, 

(7)  cell  function  can  be  monitored  by  the  measurement  of  trans-epithelial  voltage  across 
the  nasal  epithelium,  and  (8)  nasal  administration  will  allow  for  the  determination  of 
treatment-related  versus  procedure-related  adverse  consequences. 

Dr.  Welsh  responded  to  Dr.  Parkman's  concern  regarding  patient  cultures  for  the 
determination  of  virus  excretion  and  secretion.  Dr.  Welsh  stated  that  cultures  will  be 
performed  on  the  nose,  pharynx,  blood,  urine,  and  stools.  Adenovirus  antibody 
production  will  be  monitored  as  well  as  cell  analysis  for  the  assessment  of  inflammation 
and  cytopathic  effects. 

Dr.  Welsh  explained  that  the  most  important  goal  of  the  protocol  will  be  to  assess 
efficacy,  i.e.,  will  CFTR  correct  the  chloride  channel  defect  in  these  patients?  Efficacy 
will  be  assessed  by  the  trans-epithelial  electrical  potential  differences  observed  across  the 
nasal  epithelium.  This  technique  was  originally  developed  by  Drs.  Michael  Knowles  and 
Richard  Bouchet.  Also,  mRNA  and  protein  will  be  monitored. 

Patients  will  be  greater  than  18  years  of  age,  male  or  female,  genotypically  defined,  have 
mild  or  moderate  lung  disease,  and  be  seropositive  for  adenovirus.  Exclusion  criteria 
include  clinical  instability,  upper  respiratory  infection,  and  virus  shedding. 

The  original  protocol  proposed  that  the  nasal  epithelium  should  be  demonstrated  to  be 
positive  for  El  genes.  Considering  the  comments  offered  by  Dr.  Ginsberg  during  Drs. 
Crystal  and  Wilson's  protocols  and  the  sense  of  the  RAC,  Dr.  Welsh  asked  that  this 
requirement  be  deleted  from  the  protocol. 

The  proposed  vector  is  an  El  deleted  Type  2 adenovirus  that  encodes  for  CFTR.  This 
vector  has  an  Ela  promoter  that  retains  the  E3  region.  This  virus  is  impaired  because  of 
its  substantial  length. 
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Dr.  Welsh  described  data  derived  from  in  vitro  and  in  vivo  model  systems.  Production  of 
mRNA  and  protein  has  been  demonstrated  in  monkeys  that  already  have  the  wild-type 
CFTR  function.  The  AdCFTR  vector  has  been  evaluated  in  the  nasal  epithelium  of 
monkeys  and  the  lungs  of  cotton  rats.  He  described  experiments  in  which  human  CF 
airway  epithelial  cells  were  cultured  on  a permeable  support  in  order  to  create  an 
epithelium.  The  apex  side  of  these  cells  is  at  the  air/liquid  interface  and  the  basal  side 
of  the  cells  is  down.  CFTR  function  can  be  easily  demonstrated  in  this  model  support 
system.  When  the  epithelium  grown  on  these  permeable  supports  is  exposed  to  the 
adenovirus  vector  and  adenosine  3':5'-cyclic  phosphate  (cyclic  AMP)  agonists,  the 
chloride  secretion  defect  is  corrected.  Significant  responses  were  observed  at  doses  as 
low  as  a 0.1  MOI.  The  promoter  is  not  a high  level  promoter,  but  CFTR  is  not 
expressed  at  high  levels  in  these  cells. 

Dr.  Welsh  described  FACS  analysis  data  regarding  the  percentage  of  cells  that  are 
corrected  by  this  procedure.  At  24  hours,  little  difference  was  observed  between  control 
and  virus  treated  cells.  At  48  hours,  the  number  of  positive  cells  (fluorescent  cells) 
increased  dramatically.  The  number  of  positive  cells  continued  to  increase  for  96  hours. 
Data  indicates  that  at  an  MOI  of  10,  gene  expression  was  observed  in  60  to  70%  of  the 
cells.  FACS  analysis  of  transduced  cells  obtained  from  the  bronchioli  of  cotton  rats 
demonstrated  that  the  majority  of  the  vector  resides  in  the  apical  cells;  however, 
occasional  staining  was  observed  in  the  basal  cells. 

Dr.  Welsh  addressed  the  issue  of  safety.  Experiments  have  been  performed  on  a variety 
of  tissue  culture  cell  lines,  primary  cells,  and  in  vivo.  Gene  transduction  and  protein 
expression  have  been  observed  in  all  instances.  Viral  mRNA  synthesis  was  detected 
occasionally,  suggesting  that  viral  proteins  can  be  made  at  a low  level.  Low  level  viral 
DNA  synthesis  was  detected.  There  was  minimal  evidence  of  inflammation  of  cytopathic 
effects.  The  important  issue  is  that  in  all  of  the  in  vitro  and  in  vivo  models  tested,  no 
evidence  of  virus  replication  was  detected. 

Dr.  Welsh  responded  to  Dr.  Ginsberg's  specific  questions  regarding  the  cotton  rat  model. 
A dose  of  4 x 1010  PFU  of  Ad2/CFTR-1  were  administered  to  these  animals.  This  dose 
is  approximately  1,000  times  larger  than  the  highest  dose  proposed  for  human 
administration.  Gene  expression  was  observed  in  all  animals.  The  inflammatory 
response  was  monitored  in  these  animals.  Bronchial/alveolar  lavage  demonstrated  no 
increase  in  cell  number  over  control  animals. 

Dr.  Welsh  responded  to  Dr.  Post's  comments  regarding  host  cell  protein  shut-off  and 
cytopathic  effects.  Host  cell  macromolecular  synthesis  is  inhibited  early  in  infection  and 
cytopathic  effects  usually  develop  later.  The  host  cell  shut-off  maps  in  part  to  Elb  and 
cytopathic  effects  map  in  part  to  penton,  which  can  be  present  in  crude  preparations. 
Host  cell  shut-off  is  not  detected  at  an  MOI  of  up  to  200  with  Ad2/CFTR-1  in  HeLa 
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cells.  No  cytopathic  effects  were  detected  at  an  MOI  less  than  100  with  purified  vector; 
however,  effects  were  observed  at  an  MOI  of  1,000.  In  conclusion,  at  the  doses  proposed 
for  this  study,  host  cell  shut-off  and  cytopathic  effects  should  not  be  problematic. 

In  regard  to  the  characterization  of  the  production  line,  7 preclinical  production  lots 
have  been  prepared.  All  of  these  lots  meet  the  specified  criteria.  One  of  the  7 lots  had 
3 colony  forming  unit  (CFU)  of  bacteria. 

Dr.  Welsh  responded  to  Dr.  D.  Miller's  concerns  regarding  wild-type  virus  production. 
Wild-type  virus  will  be  monitored  by  PCR  and  the  HeLa  cell  infectivity  assay.  For  the 
biological  assay,  107  cells  will  be  plated  onto  each  of  10  plates.  These  cells  will  be 
subsequently  infected  with  the  vector  at  an  MOI  between  1 and  50.  Using  this  criteria,  1 
wild-type  virus  particle  should  be  detectable  in  5 x 108  Ad  virus  particles.  Therefore,  1 
wild-type  virus  particle  should  be  detectable  in  the  maximum  administered  dose. 

Dr.  Welsh  noted  that  the  original  protocol  stated  that  the  rat-1  cellular  transformation 
assay  will  be  used.  Since  Dr.  Ginsberg  and  the  RAC  have  noted  that  this  assay  is  not 
particularly  sensitive,  Dr.  Welsh  asked  that  the  requirement  for  this  assay  be  deleted 
from  the  protocol. 

CF  is  a lethal  genetic  disease,  and  the  proposed  therapy  could  represent  a major  advance 
in  the  treatment  of  this  disease.  This  protocol  is  designed  to  provide  maximum  safety  to 
the  participants  by  applying  a small  amount  of  virus  to  a defined  region  of  the  nasal 
epithelium.  This  study  will  provide  critical  data  about  biochemical  efficacy  and  safety 
that  allow  for  the  design  of  new  generations  of  vectors  and  the  initiation  of  trials  to 
assess  clinical  efficacy  in  the  lung. 

In  response  to  Dr.  Carmen's  question  regarding  the  proposed  vector,  Dr.  Welsh 
explained  that  this  vector  is  based  on  a Type  2 adenovirus;  Drs.  Crystal  and  Wilson  are 
using  Type  5 adenoviruses.  There  is  substantial  sequence  similarity  between  the  various 
vectors.  All  3 vectors  have  the  El  region  deleted;  however,  there  are  different  promoter 
regions.  This  vector  has  an  Ad-2  Ela  promoter,  which  is  a moderate  strength  promoter. 
The  other  2 CF  studies  will  use  high  level  expression  promoters,  either  the  major  late 
promoter  or  a cytomegalovirus  (CMV)  enhancer  beta-actin  promoter.  The 
polyadenylation  sites  are  different  between  the  proposed  vectors.  The  Ad2/CFTR-1 
vector  has  an  Ad-2  Elb  polyadenylation  site,  the  other  2 vectors  will  use  SV40.  The 
Ad2/CFTR-1  vector  has  retained  the  E3  region  unlike  the  other  vectors. 

There  has  been  some  discussion  regarding  E3  positive  versus  E3  negative  vectors.  This 
E3  positive  vector  is  larger  than  the  wild-type  virus,  thus  its  growth  is  impaired  even  in 
the  permissive  293  cells.  The  large  size  of  this  vector  offers  an  additional  safety 
advantage.  The  wild-type  adenovirus  out  competes  the  E3  adenovirus  vector.  Mixing 
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experiments  indicate  that  even  under  the  least  optimal  conditions  the  wild-type 
adenovirus  rapidly  outgrows  the  E3  negative  adenovirus,  In  contrast,  E3  positive 
adenoviruses  out  compete  the  wild-type  virus.  One  of  the  products  of  the  E3  positive 
virus,  gpl9,  reduces  the  expression  of  Class  I MHC  antigens  on  the  cell  surface.  E3 
negative  viruses  produce  increased  inflammatory  responses  as  demonstrated  in  the  lungs 
of  the  cotton  rat. 

Dr.  Welsh  explained  that  the  patient  compensation  concerns  noted  by  Ms.  Meyers  were 
addressed  by  the  Institutional  Biosafety  Committee,  not  the  IRB.  Although  the  exclusion 
of  compensation  for  non-negligent  injury  is  standard  practice  (both  at  the  national  and 
university  level),  there  is  a moral  obligation  to  make  every  attempt  to  care  for  the 
patient  and  minimize  any  potential  financial  consequences  in  the  event  of  untoward 
research-related  consequences. 

Dr.  Welsh  said  that  although  the  possibility  of  a patient  excreting  or  secreting  virus  after 
4 weeks  is  remote,  precautions  will  be  taken  to  avoid  the  spread  of  virus  to  other 
individuals  and  the  environment  in  the  case  that  a patient  was  positive  after  this  period 
of  time. 

Dr.  Gregory  addressed  the  issue  of  stability  of  the  DNA  and  the  copy  number  per  cell, 
specifically,  the  increase  in  viral  molecules  from  an  MOI  of  50  to  550.  El  deleted 
viruses  can  replicate  and  DNA  synthesis  can  occur  at  high  MOIs.  The  observed  increase 
most  likely  results  from  the  E2  transcription  unit  of  the  virus  not  being  completely 
quiescent  in  the  absence  of  Ela.  The  E2  transcription  unit  encodes  DNA  polymerase 
and  other  associated  proteins  needed  for  viral  DNA  replication.  The  major  issue  is  that 
DNA  replication  is  not  necessarily  related  to  virus  replication.  No  evidence  of 
recombinant  vims  has  ever  been  observed  in  these  cells.  There  is  a low  level  of  DNA 
synthesis,  which  is  in  the  order  of  1,000  to  10,000-fold  less  than  would  occur  with  the 
wild-type  vims. 

In  response  to  Ms.  Meyers  concern  about  financial  compensation  for  participation  in  this 
protocol,  Dr.  Welsh  said  that  the  amount  of  compensation  should  not  be  a persuasive 
factor.  Patients  will  receive  a minor  reimbursement,  $75  per  day  for  the  inconvenience 
they  incur  as  a result  of  their  10  day  to  3 week  hospitalization. 

Discussion 

Ms.  Meyers  asked  Dr.  Welsh  about  the  course  of  action  that  would  be  taken  in  the  event 
that  one  of  these  patients  were  to  develop  a very  unusual  type  of  pneumonia  following 
treatment  and  their  insurance  company  refused  to  compensate  for  treatment  after  their 
participation  in  this  experimental  protocol.  Dr.  Welsh  said  that  since  these  patients 
already  have  mild  to  moderate  lung  disease,  it  is  possible  that  they  may  develop  a 
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complication  of  their  disease  during  the  course  of  this  study  that  is  unrelated  to  the 
treatment.  In  such  an  instance,  the  patient  would  be  cared  for,  but  the  usual 
mechanisms  of  cost-reimbursement  would  be  applied.  Ms.  Meyers  asked  if  the 
pneumonia  were  to  persist  for  a long  period  of  time  and  the  patient  was  not  able  to  pay 
for  medical  treatment,  would  he/she  be  turned  away?  Dr.  Welsh  explained  that  this 
question  is  very  difficult  to  answer,  and  that  he  has  discussed  it  with  the  director  of 
clinical  research,  university  lawyers,  and  the  local  IRB.  He  said  that  he  could  not  be  any 
more  specific  than  to  state  that  every  attempt  will  be  made  to  minimize  any  financial 
\ 'den  in  the  event  of  adverse  consequences. 

u(.  Walters  noted  that  both  the  title  and  the  introduction  of  the  informed  consent 
document  do  not  clearly  explain  that  this  is  a preliminary  study  to  test  what  happens  in 
the  nasal  epithelium,  and  that  there  will  be  no  direct  benefit  as  a result  of  participation 
in  this  study.  The  use  of  the  words  gene  therapy  and  efficacy  is  a concern.  In  addition, 
the  introduction  explains  the  ultimate  purpose  of  the  research,  and  patients  may 
misunderstand  the  expected  benefit  of  this  particular  protocol.  Dr.  Welsh  offered  to 
incorporate  a statement  in  the  introduction  that  states  that  this  treatment  will  not  be 
efficacious  to  the  patient.  However,  the  patient  needs  to  be  made  aware  that  he/she  will 
derive  no  therapeutic  benefit  by  the  fact  that  this  procedure  will  be  performed  on  the 
nasal  epithelium,  not  the  lung.  Dr.  Walters  suggested  including  the  statement,  It  is 
unlikely  that  participation  in  this  study  will  directly  benefit  you,  should  be  inserted  into  the 
introduction  section  of  the  informed  consent  document.  Dr.  Welsh  agreed  to  include  this 
statement. 

Dr.  Ginsberg  stated  that  it  should  be  recognized  in  terms  of  safety,  the  results  obtained 
regarding  inflammation  in  the  nasal  epithelium  may  not  necessarily  translate  to  those 
effects  that  may  be  observed  in  the  lung.  However,  he  acknowledged  that  the  nasal 
epithelium  is  a good  site  for  the  initial  administration.  Individuals  who  possess 
antibodies  may  have  a dormant  adenovirus  infection  in  the  lymph  nodes  and  lymphatic 
cells.  Even  in  the  most  severe  adenovirus  pneumonias,  viremia  has  never  been 
demonstrated;  so  the  problem  of  viremia  is  not  an  important  issue.  Approximately  1 in 
106  lymphoid  cells  of  antibody  positive  individuals  contains  adenovirus  DNA. 

Dr.  Michel  Perricaudet  of  the  National  Center  for  Scientific  Research,  Paris,  asked  if  the 
expression  of  E3  proteins  has  been  studied  in  the  absence  of  Ela.  Dr.  Welsh  responded 
that  these  experiments  have  not  been  performed. 

Dr.  Murray  asked  Dr.  Ginsberg  if  he  could  anticipate  any  difficulties  that  could  arise  in 
future  protocols  regarding  recombination  and  aerosol  administration.  Dr.  Ginsberg  said 
that  because  Type  5 and  Type  2 adenoviruses  do  not  produce  severe  disease  in  adults, 
there  will  probably  not  be  any  serious  problems  associated  with  the  aerosol 
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administration  of  these  viruses.  However,  the  possible  clinical  result  of  a recombinant 
virus  is  unknown. 

Ms.  Meyers  provided  a list  of  changes  that  should  be  incorporated  into  the  informed 
consent  document:  (1)  the  phrase,  CF  symptoms  should  read  CF  lung  symptoms ; (2) 
paragraph  1(b)  should  be  modified  such  that  the  patient  is  informed  that  he/she  will  be 
monitored  closely  for  8 weeks  following  the  procedure;  however,  there  will  be  long-term 
follow  up  for  many  years;  (3)  the  patient  should  be  informed  that  data  derived  from 
animal  experiments  does  not  guarantee  that  the  virus  will  produce  the  same  effects  in 
humans;  (4)  the  statement,  To  learn  whether  the  experimental  virus  can  correct  cystic 
fibrosis  abnormalities ...,  should  be  expanded  to  read,  To  learn  whether  the  experimental 
virus  can  correct  cystic  fibrosis  airway  abnormalities,  (5)  the  following  sentence  should  be 
added,  You  will  not  be  allowed  to  participate  if  you  are  planning  to  become  pregnant,  (6) 
the  patient  should  be  clearly  informed  that  if  their  insurance  company  does  not  provide 
payment  for  costs,  the  individual  will  be  expected  to  pay  all  costs;  (7)  the  sentence  that 
describes  the  request  for  autopsy  should  be  modified  to  read,  In  the  unlikely  event  of 
death,  an  autopsy  would  be  expected ; (8)  a statement  regarding  protection  from  the  media 
should  be  included  in  the  confidentiality  section;  and  (9)  the  disclosure  of  information 
section  should  be  expanded  to  include  NIH  among  the  list  of  parties  that  may  have 
access  to  the  patient's  records.  Dr.  Welsh  deferred  to  the  RAC  regarding  the  proposed 
changes  in  the  consent  form.  Dr.  Murray  suggested  that  the  requirement  to  exclude 
women  if  they  are  planning  to  become  pregnant  should  be  changed  to  a suggestion  that 
they  should  not  become  pregnant.  Dr.  Parkman  said  that  the  expectation  of  researchers 
involved  in  human  gene  therapy  is  that  they  will  be  following  patients  long  term.  Long- 
term follow-up  should  be  indicated  without  any  specific  definition  about  the  time  period. 
Dr.  Walters  complemented  the  investigators  on  their  detailed  responses  to  the  Points  to 
Consider. 

Committee  Motion 

A motion  was  made  by  Dr.  Post  and  seconded  by  Dr.  Carmen  to  approve  the  protocol 
with  the  following  stipulations:  (1)  removal  of  the  requirement  for  the  Ela  negative 
assay,  (2)  removal  of  the  requirement  for  the  rat-1  transformation  assay,  (3) 
incorporation  of  the  informed  consent  changes  suggested  by  Dr.  Walters  and  Ms.  Meyers, 
and  (4)  submission  of  a 3Vz  inch  diskette  with  the  entire  vector  sequence  in  ASCII 
format. 

Dr.  D.  Miller  said  that  he  wanted  to  make  the  statement,  for  the  record,  that  he  does 
not  think  that  there  will  be  any  untoward  consequences  as  a result  of  the  release  of 
CFTR  adenovirus  into  the  environment.  Dr.  Ginsberg  agreed  with  the  statement  made 
by  Dr.  D.  Miller  and  added  that  is  extremely  unlikely  that  if  a recombinant  occurred, 
that  it  will  contain  the  CFTR  gene.  Data  indicates  that  the  inserted  gene  is  always  lost 
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from  recombinants.  The  motion  to  approve  the  protocol  passed  by  a vote  of  16  in  favor, 
0 opposed,  and  no  abstentions. 

X.  AMENDMENT  TO  THE  POINTS  TO  CONSIDER  REGARDING  REPORTING 
REQUIREMENTS  FOR  HUMAN  GENE  TRANSFER/THERAPY  PROTOCOLS 

Presentation-Dr.  Leventhal 

Dr.  Murray  called  on  Dr.  Leventhal  to  give  a presentation  on  investigator's  submitted 
progress  reports.  At  the  RAC  meeting  of  September  14-15,  1992,  the  committee 
recommended  that  a letter  should  be  forwarded  to  investigators  of  approved  protocols 
regarding  the  progress  of  their  studies.  The  letter  suggested  that  the  approval  of  their 
protocols  might  be  reconsidered  in  the  case  of  non-compliance.  Essentially,  responses 
were  received  from  all  investigators  who  have  initiated  their  trials. 

Dr.  Leventhal  distributed  a summary  table  of  the  information  that  was  submitted  by  the 
responding  investigators.  The  table  included  the  following  information:  (1) 
investigator's  name,  (2)  protocol  title,  (3)  starting  date,  (4)  target  number  of  patients,  (5) 
number  of  patients  treated,  (6)  report  of  toxic  effects,  and  (7)  results.  The  results 
column  described  experiments  that  have  demonstrated  the  transfer  of  the  gene  or 
demonstration  of  function  resulting  from  the  gene  transfer.  She  provided  a brief 
summary  of  the  data  that  was  submitted  by  the  investigators  in  response  to  the  letter. 

Dr.  Leventhal  stated  that  the  RAC  should  develop  a uniform  data  reporting  format, 
similar  to  the  one  represented  in  the  table.  She  requested  input  from  other  RAC 
members  regarding  the  development  of  a proposed  format. 

Dr.  Parkman  said  that  the  proposed  format  is  acceptable.  However,  the  response 
column  should  include  investigator  responses  in  the  same  context  that  was  originally 
proposed.  In  other  words,  if  an  investigator  proposed  three  objectives  for  a protocol, 
he/she  should  submit  responses  according  to  how  the  data  relates  to  each  specific 
objective.  For  example,  if  gene  marking  of  peripheral  blood  and  tumor  regression  have 
been  stated  as  goals,  then  the  investigator  should  provide  gene  marking  and  tumor 
regression  data.  Dr.  Leventhal  stated  that  her  only  concern  regarding  data  reporting  on 
tumor  regression  is  that  the  RAC  should  not  usurp  more  of  the  investigator's  information 
than  they  are  required  to  present  in  a public  forum.  Dr.  Parkman  said  that  the 
investigators  should  be  required  to  provide  data  that  relates  to  the  specific  aims  of  the 
protocol.  Dr.  D.  Miller  suggested  that  the  form  should  include  a question  that  will  allow 
the  investigator  to  report  any  problems  that  were  encountered  in  pursuing  the  protocol. 

Dr.  Blaese  stated  that  he  had  concerns  about  the  request  for  detailed  information 
because  of  the  public  forum  in  which  the  RAC  meetings  are  held.  One  of  the  original 
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manuscripts  describing  the  adenosine  deaminase  (ADA)  deficiency  protocol  was  rejected 
from  a prominent  journal  because  the  results  had  been  reported  to  the  public. 

Dr.  Leventhal  said  that  the  goals  of  the  protocol  can  be  separated  from  clinical 
observations  in  terms  of  gene  transfer.  Investigators  should  be  required  to  submit  only 
data  regarding  the  endpoints  that  relate  to  gene  transfer;  therapeutic  benefits  do  not 
have  to  be  reported  in  this  format. 

Dr.  Post  emphasized  that  investigators  should  submit  copies  of  published  articles  and 
abstracts  that  have  been  presented  to  the  RAC.  One  of  the  reasons  for  this  data 
reporting  exercise  is  to  assist  the  RAC  with  future  protocol  approvals,  but  the  other 
reason  is  to  identify  categories  of  protocols  that  might  qualify  for  a different  level  of 
review  based  on  experience.  He  asked  Dr.  Leventhal  if  she  has  developed  any 
suggestions  for  future  directions. 

Dr.  Leventhal  said  that  a large  number  of  patients  have  not  been  entered  into  the 
protocols;  approximately  40  patients  to  date.  Data  indicates  that  patients  who  have 
received  either  the  neoR  gene  and  the  LNL6  vector  have  not  experienced  any  problems. 
Only  12  of  these  40  patients  have  actually  been  shown  to  possess  gene-marked  cells.  Dr. 
Post  inquired  if  these  12  patients  represented  sufficient  information  with  regard  to  safety 
and  efficacy  of  gene  transfer.  Specifically,  could  the  RAC  recommend  that  neoR  and 
LNL6  marking  experiments  no  longer  require  RAC  review?  Would  the  Food  and  Drug 
Administration  (FDA)  and  IRB  approval  be  sufficient?  Dr.  Leventhal  said  that  although 
she  could  not  represent  the  entire  RAC,  she  believed  that  these  particular  marker 
protocols  could  be  approved  solely  by  the  FDA  and  the  IRB  if  the  vector  was  prepared 
by  the  same  manufacturer  in  a standard  way.  If  the  RAC  can  be  confident  that  the  FDA 
will  proceed  carefully  with  the  approval  of  new  vector  preparations,  then  the  committee 
is  certainly  approaching  the  point  where  these  markers  will  be  considered  safe. 

Drs.  Leventhal  and  Post  recommended  that  publications  that  were  submitted  by  the 
investigators  in  response  to  the  data  reporting  letter  should  be  distributed  to  all  of  the 
members  of  the  RAC. 

Dr.  Murray  suggested  that  the  reporting  format  should  include  vector  information.  Dr. 
Secundy  supported  the  development  of  a standard  data  reporting  format.  Dr. 
Dronamraju  stated  that  investigators  should  submit  positive  data  as  well  as  negative  data 
and  include  information  regarding  the  socio-economic  status  of  these  patients.  Dr. 
Leventhal  explained  that  the  RAC  would  have  to  wait  for  a longer  period  of  time  to 
receive  positive  results  in  the  form  of  publications  and  abstracts.  This  delay  would 
preclude  obvious  concerns  regarding  confidentiality. 
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Larry  Thompson,  a science  writer  for  Science  magazine,  urged  the  RAC  to  request  all 
pertinent  information  and  to  demand  this  data  if  necessary.  Representatives  from  both 
the  New  England  Journal  of  Medicine  and  Science  have  provided  public  statements  that 
any  government  body  that  requests  information  from  a scientist  will  not  prejudice  the 
magazine  against  the  results  being  published  in  that  magazine.  Dr.  Leventhal 
acknowledged  that  these  statements  have  been  made  in  a public  forum;  however, 
investigators  have  still  experienced  problems  having  their  data  published  after  it  has  been 
presented  in  public.  Dr.  D.  Miller  said  that  he  was  not  convinced  that  Science  would 
publish  an  investigators  data  after  the  information  had  already  been  presented. 

Dr.  D.  Miller  suggested  that  the  data  reporting  form  should  include  any  safety  issue 
regarding  the  patient,  e.g.,  did  the  patient  die?  What  was  the  cause  of  death?  The  form 
should  include  information  regarding  any  problems  that  were  encountered  with 
implementation,  i.e.,  was  the  investigator  able  to  establish  a lower  limit  of  helper  virus 
contamination? 

Dr.  Leventhal  said  that  she  would  revise  the  data  reporting  form  incorporating  the 
suggestions  offered  by  the  other  RAC  members.  She  asked  for  assistance  with  regard  to 
establishing  scales  for  socio-economic  status.  Dr.  Secundy  stated  that  she  would  assist 
Dr.  Leventhal  in  the  development  of  these  standards. 

Ms.  Meyers  inquired  if  the  RAC  could  hold  executive  meetings,  which  are  closed  to  the 
public,  for  the  purpose  of  reviewing  confidential  information.  Dr.  Wivel  responded  that 
closed  sessions  can  be  held  only  for  the  discussion  of  proprietary  information.  Ms. 
Meyers  asked  if  prepublication  data  is  considered  proprietary  information.  Dr. 

Leventhal  asked  if  this  information  is  considered  intellectual  property.  Mr.  Barton  said 
that  the  definition  of  trade  secret  involves  the  potential  for  commercial  value.  The  key 
issue  is  probably  whether  the  prepublication  information  comes  from  an  academic 
research  institution  or  a private  company. 

Dr.  D.  Miller  said  that  he  did  not  want  access  to  an  investigator's  results  before 
publication.  RAC  members  should  take  into  account  that  data  could  be  presented  that 
could  influence  the  research  of  particular  committee  members.  The  RAC  should  not  put 
itself  in  a position  to  review  this  prepublication  data.  In  addition,  access  to  this 
preliminary  information  could  influence  the  RAC's  ability  to  judge  future  proposed  trials 
because  a bias  may  have  already  been  introduced.  Dr.  Leventhal  stated  that  she  feels 
very  strongly  about  this  issue.  Some  patients,  particularly  cancer  patients,  will  respond  to 
any  therapy  that  is  administered.  If  tumor  regression  is  considered  too  seriously  at  this 
stage  in  human  gene  therapy,  the  RAC  may  draw  inaccurate  conclusions  about  efficacy  if 
the  natural  history  of  each  particular  tumor  is  unknown.  Major  difficulties  will  arise  if 
the  RAC  attempts  to  evaluate  the  therapeutic  efficacy  of  any  protocol  that  has  been 
approved. 
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Dr.  Walters  said  that  he  was  in  complete  agreement  with  the  statements  made  by  Drs. 

D.  Miller  and  Leventhal.  When  a committee  is  charged  with  data  monitoring,  it  is 
extremely  important  that  it  not  draw  premature  conclusions.  These  human  gene  therapy 
studies  have  been  performed  on  a very  limited  number  of  patients. 

Dr.  Leventhal  stated  that  the  important  issue  is  whether  there  are  implementation 
problems  with  the  protocol.  If  an  approved  vector  is  not  working  under  any 
circumstance,  then  the  investigator  should  not  be  allowed  to  treat  another  10  patients. 
These  are  the  types  of  issues  that  the  RAC  should  be  considering. 

Dr.  Leventhal  asked  if  she  had  the  authorization  of  the  committee  members  to  pursue 
specific  questions  with  investigators.  Specifically,  could  she  contact  Dr.  Rosenberg  about 
the  tumor  necrosis  factor/tumor  infiltrating  lymphocyte  trial.  More  data  needs  to  be 
provided  regarding  the  fate  of  the  transduced  cells  after  they  were  readministered  to  the 
patients.  The  request  for  additional  information  would  be  limited  to  data  regarding  the 
efficacy  of  the  gene  transfer  procedure.  The  RAC  members  agreed  that  Dr.  Leventhal 
should  pursue  necessary  requests  for  additional  information. 

Dr.  Leventhal  proposed  that  investigators  will  be  requested  to  submit  a copy  of  the 
patient  death  reports  that  are  sent  to  the  FDA.  The  RAC  cannot  request  this 
information  from  the  FDA,  but  it  can  request  a copy  from  the  investigator.  She 
proposed  to  develop  a data  reporting  format  that  the  investigator  will  be  required  to 
complete  for  each  protocol.  The  Points  to  Consider  requires  that  investigators  should  file 
a report  every  6 months;  however,  she  suggested  that  once  a year  will  probably  be  often 
enough  if  patient  enrollment  is  small.  Perhaps  investigators  should  be  required  to  file  a 
report  once  a year  or  after  every  10  patients,  whichever  comes  first.  Any  published 
results  of  trials  that  are  received  by  the  Office  of  Recombinant  DNA  Activities  (ORDA) 
should  be  circulated  to  the  entire  RAC. 

X AMENDMENT  TO  THE  POINTS  TO  CONSIDER  REGARDING  SAFETY  OF 

DELIVERY /EXPRESSION  SYSTEMS  AND  REPORT  OF  MURINE  REPLICATION- 
COMPETENT  RETROVIRUS  (RCR)  ASSAYS/DR.  ANDERSON 

Review-Dr.  D.  Miller 

Dr.  Murray  called  on  Dr.  D.  Miller  to  give  his  primary  review  of  the  report  submitted  by 
Dr.  Anderson  regarding  RCR  data.  Dr.  D.  Miller  stated  that  the  report  is  a very 
comprehensive  summary.  However,  the  RAC  should  recognize  the  fact  that  a procedure 
must  be  developed  for  the  standard  testing  of  RCR  that  will  apply  universally  to 
retrovirus  vectors.  It  is  clear  that  these  standards  cannot  be  extrapolated  from  the 
history  of  the  production  of  a particular  vector  by  one  company.  The  development  of 
standards  for  the  testing  of  retrovirus  vector  preparations  should  be  balanced  between 
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the  safety  to  the  patient  and  the  ability  of  the  vector  supplier  to  perform  the  helper  vims 
assays.  There  are  physical  and  financial  limitations  to  RCR  testing,  e.g.,  if  the  supplier  is 
required  to  culture  20,000  dishes  of  cells,  this  requirement  will  introduce  a practical 
impossibility  to  the  testing  process.  The  question  is  where  do  you  draw  the  line?  Risk 
versus  benefit  has  to  be  weighed  in  establishing  RCR  testing  criteria. 

Review-Dr.  Geiduschek 

Dr.  Geiduschek  stated  that  it  was  his  expectation  that  this  report  would  outline  specific 
proposed  improvements  in  the  testing  for  RCR.  However,  the  report  was  a redefinition 
of  the  problems  associated  with  these  assays.  The  certification  of  retrovirus  vector  lots 
can  be  greatly  improved,  and  these  improvements  are  necessary.  With  improved  testing, 
currently  generated  materials  can  be  demonstrated  to  be  free  of  RCR  contamination  in 
ways  not  possible  by  current  methods.  It  is  preferable  to  refine  these  analytical  methods 
rather  than  to  relax  the  testing  criteria.  The  RCR  report  should  be  deferred  for 
revisions,  and  it  could  be  reconsidered  at  the  next  RAC  meeting. 

Dr.  Geiduschek  noted  that  the  report  makes  a specific  claim  about  the  margin  of  safety 
that  is  based  on  an  argument  that  is  not  correct.  The  calculations  are  probably  off  by 
several  logs.  In  addition,  he  was  not  in  agreement  with  the  reported  number  of  RCR 
that  are  detectable  by  current  assays.  The  report  suggests  that  the  conventional  S+L* 
assay  has  an  efficiency  considerably  less  than  1,  probably  less  than  0.1,  when  performed 
in  the  presence  of  a large  quantity  of  RCR.  Therefore,  the  standard  S+L'  assay  should 
be  abandoned  in  favor  of  the  one  of  the  amplification  assays.  He  stated  that  he  was 
disappointed  that  no  new  data  was  accumulated  in  the  last  6 months  with  regard  to  the 
development  of  improved  assays.  This  issue  was  originally  discussed  at  the  June  1992 
RAC  meeting.  In  particular,  co-cultivation  assays  could  have  been  brought  to  the 
evaluation  stage  based  on  the  data  that  was  presented  at  the  June  meeting. 

Dr.  Geiduschek  said  that  he  was  discouraged  that  there  has  been  no  incentive  to 
generate  a more  absolute  measure  of  quality  assurance.  The  report  was  presented  in 
terms  of  the  global  experience  of  one  vector  supplier.  How  would  this  data  generate 
quality  assurance  for  a new  provider?  The  report  states  that  the  material  supplied  by 
this  one  company  has  had  no  evidence  of  RCR  contamination  in  147  lots.  Since  this 
report  was  submitted,  RCR  contamination  has  occurred.  However,  there  is  reassurance 
in  the  fact  that  the  contamination  was  detected  by  current  testing  methods. 

Review--Mr.  Barton 

Mr.  Barton  stated  that  most  of  his  comments  had  been  covered  thoroughly  in  Dr. 
Geiduschek's  review.  He  reminded  the  RAC  that  they  should  consider  the  importance 
of  maintaining  consistency  in  risk  and  safety  assessment  among  different  kinds  of  vectors 
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as  more  experience  is  gained.  Ultimately,  statistical  analysis  will  be  the  key  factor.  The 
RAC  must  define  the  probability  that  there  will  be  no  greater  that  n RCR  particles  in  a 
total  of  1 x 10*  particles.  Establishing  this  n may  imply  that  further  analysis  must  be 
performed  on  significant  dose  levels.  In  addition,  patients  should  be  informed  that  there 
is  always  going  to  be  a finite  risk  of  RCR,  even  though  that  risk  is  extremely  small. 

Presentation-Dr.  Anderson 

Dr.  Anderson  stated  that  he  appreciated  the  RAC's  efforts  in  the  review  of  this  report, 
and  that  their  comments  have  been  extraordinarily  helpful.  Dr.  Anderson  explained  that 
the  majority  of  the  reviewers  questions  will  be  addressed  in  the  presentation. 

Dr.  Anderson  acknowledged  that  the  report  did  not  define  the  number  of  RCR  particles 
required  to  produce  pathology.  He  presented  in  vivo  data  derived  from  experiments 
involving  19  monkeys.  Four  of  the  monkeys  were  part  of  a bone  marrow  transplantation 
protocol  that  was  performed  over  5 years  ago;  the  animals  were  severely  immune 
compromised.  Five  of  the  monkeys  were  part  of  a safety  study  in  which  they  received 
cyclosporin  and  prednisone;  these  animals  were  moderately  immune  compromised.  Ten 
of  the  monkeys  were  part  of  a study  conducted  by  Dr.  Neinhuis,  3 of  which  developed 
lymphomas. 

How  many  viral  particles  did  each  animal  actually  get?  The  5 monkeys  that  were 
moderately  immunocompromised  received  3 x 10s  PFU.  None  of  these  5 animals  had 
any  evidence  of  pathology.  The  4 severely  immune  compromised  monkeys  received  1.2  x 
109  PFU  of  RCR,  not  retrovirus  vector  particles.  None  of  these  4 animals  had 
pathology.  The  10  animals  in  Dr.  Nienhuis'  study  were  immune  compromised  due  to 
lethal  irradiation,  i.e.,  the  monkeys  were  T cell  depleted.  In  addition,  these  animals 
received  either  5-fluorouracil  (5-FU)  or  stem  cell  growth  factor.  Subsequently,  their 
CD34(  + ) progenitor  cells  were  exposed  to  80  to  86  hours  of  continuous  virus  exposure 
by  4 separate  additions  of  virus.  These  animals  were  exposed  to  2 x 107  PFU.  Three  out 
of  10  of  these  monkeys  developed  lymphoma.  This  result  demonstrated  that  there  is  a 
30%  chance  of  getting  lymphoma  in  a severely  immune  compromised  animal  in  which 
their  cells  were  exposed  for  80  to  86  hours  at  an  exposure  rate  of  2 x 107  PFU.  The 
actual  number  of  vector  particles  was  2 x 1012.  Severely  immune  compromised  patients 
have  a 10%  chance  of  getting  lymphoma  from  the  suppression  itself. 

How  do  these  results  translate  into  safety  factors  for  clinical  protocols?  Basically,  there 
are  4 barriers.  First,  there  has  to  be  breakout.  There  was  no  instance  of  breakout  in  the 
first  50  production  runs  performed  by  Genetic  Therapy,  Inc.  (GTI).  Each  run  produces  3 
lots  of  vector.  Since  that  time,  a breakout  has  occurred.  The  second  barrier  is  that  an 
RCR  would  have  to  be  missed.  Under  the  current  testing  conditions,  the  level  of 
detection  is  1 RCR  per  ml.  How  are  these  assays  performed?  Approximately  100  ml  of 
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a production  lot  (5  liters  per  lot)  are  added  to  cells.  Any  RCR  that  is  present  will  be 
amplified.  Standard  assays  will  yield  positive  or  negative  RCR  results.  The  problem  is 
that  the  level  of  detection  is  1 RCR  particle  per  100  ml,  not  in  the  5 liter  production  lot. 

What  are  the  chances  that  there  are  zero  RCR  in  the  100  ml  sample,  but  there  are  still 
viral  particles  in  the  remaining  4,900  ml?  Statistically,  there  is  the  probability  that 
between  5 and  20  undetected  RCR  particles  could  be  present  in  the  untested  portion  of 
the  production  lot.  Knowing  that  approximately  1 x 107  RCR  are  required  to  produce 
pathology,  do  5-10  undetectable  particles  represent  a risk? 

Dr.  Anderson  explained  that  Dr.  Geiduschek's  concern  about  inaccurate  calculations 
regarding  the  monkey  data  was  due  to  poor  wording  in  the  report.  The  number  of  viral 
particles  produced  in  the  monkeys  that  resulted  in  a clonal  event  (at  the  time  of  the 
clonal  event,  not  at  the  end)  was  approximately  1012  particles.  In  other  words,  an 
inoculating  dose  of  2 x 107  PFU  is  sufficient  to  give  a 30%  chance  of  getting  1012  PFU 
and  a clonal  event.  An  additional  safety  margin  exists  in  that  patients  can  be  tested  for 
viremia.  If  a viremia  occurs,  a patient  could  be  treated  with  antibodies  against  the 
murine  retrovirus;  therefore,  the  patient  would  presumably  never  reach  the  1012  particle 
level. 

Dr.  Anderson  stated  that  it  is  important  for  the  RAC  to  remember  that  sooner  or  later  a 
patient  will  probably  develop  a leukemia  from  a retroviral  insertion.  It  is  bound  to 
happen.  Will  it  take  1012  patients?  The  number  of  patients  is  unknown.  The  point  is 
that  the  present  RCR  assays  are  adequate  and  have  to  be  maintained  conscientiously.  It 
is  certainly  rational  to  discuss  the  inclusion  of  better  assays  as  long  as  they  are 
reasonable. 

Dr.  Anderson  said  that  Dr.  Geiduschek  has  suggested  the  requirement  for  an  assay  that 
would  detect  breakout.  Breakout  can  be  detected  by  adding  a defined  number  of  virus- 
producing  cells  to  a defined  number  of  production  cells.  These  cells  are  then  co- 
incubated for  a period  of  time,  e.g.,  several  weeks.  If  no  breakout  is  detected  in  the 
aliquot  that  has  been  co-cultured,  then  the  frozen  production  lot  is  assumed  to  be  safe. 
This  assay  is  reasonable  and  straightforward  and  should  be  performed  for  all  retrovirus 
vector  production  lots. 

Discussion 

Dr.  D.  Miller  said  that  culturing  the  production  run  cells  and  splitting  them  at  the 
appropriate  rate  to  preserve  any  helper  virus  is  an  enormous  undertaking.  Dr.  Anderson 
stated  that  the  entire  production  run  would  not  be  tested,  only  a portion  of  the  cells.  Dr. 
D.  Miller  expressed  concern  that  a representative  sampling  might  miss  a breakout.  Dr. 
Anderson  agreed  that  there  is  a statistical  risk;  however,  these  are  severely  immune 
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compromised  patients.  These  patients  already  have  a 10%  risk  of  developing  lymphoma. 
If  this  risk  is  increased  by  .0000001%,  is  it  worth  spending  tens  of  thousands  of  dollars 
and  expending  many  person  years  to  expand  the  testing  criteria?  The  lower-limit  of  risk 
in  non-severely  immune  compromised  patients  is  unknown.  Dr.  D.  Miller  said  that  he 
was  in  complete  agreement  with  Dr.  Anderson's  conclusions.  Testing  of  an  entire 
production  run  could  cost  as  much  as  $100,000,  which  would  be  prohibitive. 

Dr.  D.  Miller  explained  that  the  same  concerns  exist  with  adenoviruses.  The 
investigators  who  received  approval  for  the  use  of  adenovirus  vectors  indicated  that  they 
could  detect  less  than  1 particle  per  patient  dose.  If  these  investigators  find  that  they 
cannot  achieve  this  level  of  sensitivity,  what  criteria  will  the  RAC  establish?  Perhaps  the 
normal  exposure  to  adenovirus  in  the  environment  should  be  considered. 

Dr.  Geiduschek  stated  that  what  needs  to  be  determined  is  the  slope  of  the  line  that 
gives  the  rise  of  the  breakout  in  terms  of  how  fast  that  slope  increases  per  day,  then 
decide  how  many  days  rise  is  needed  in  order  to  detect  a break  out.  In  turn,  the 
production  run  should  be  cultured  for  twice  that  number  of  days.  The  number  of  days  or 
weeks  is  unknown  because  these  reconstruction  experiments  have  not  been  performed. 

It  is  unlikely  that  a non-productive  extension  in  the  incubation  period  will  increase  costs 
by  a factor  of  10. 

Dr.  Murray  suggested  that  the  FDA  should  comment  on  the  criteria  they  have 
established  for  testing  RCR.  Dr.  Henry  Miller  stated  that  the  agenda  for  this  meeting 
was  moved  up,  and  that  the  FDA  representative  regarding  this  issue  is  not  present.  Dr. 
Murray  agreed  to  postpone  the  discussion  until  the  FDA  representative  arrived. 

DISCUSSION  REGARDING  COSTS  ASSOCIATED  WITH  TREATMENT  OF  NON- 
NEGLIGENT  RESEARCH-RELATED  INJURY/(CONTINUED) 

Dr.  Murray  recalled  the  RAC's  attention  to  the  revised  letter  to  the  NIH  Director 
regarding  costs  associated  with  the  treatment  of  non-negligent  research-related  injury. 
This  letter  was  revised  by  Drs.  Walters,  Zallen,  Geiduschek,  and  Ms.  Meyers;  and 
distributed  to  the  committee  for  comments. 

Dr.  Parkman  stated  that  he  still  has  great  difficulty  with  this  issue.  He  said  that  he 
would  only  support  a position  that  did  not  focus  solely  on  gene  therapy  or  research 
funded  by  the  NIH.  He  would  endorse  a letter  to  the  NIH  Director  that  would 
recommend  that  a proposal  should  be  sent  to  the  administration  recommending  that  this 
issue  be  considered  in  the  formulation  of  a reformed  health  care  policy.  The 
recommendation  of  the  RAC  should  be  very  broad. 
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Dr.  Chase  expressed  concern  regarding  the  revised  letter  because  of  the  implication  that 
gene  therapy  is  inherently  more  dangerous  than  any  other  type  of  experiment.  He 
objected  to  the  recommendation  that  the  NIH  Director  should  convene  a panel  to 
discuss  this  issue.  If  the  RAC  decides  that  patients  should  receive  compensation  for  non- 
negligent  research-related  injury,  then  they  should  make  a specific  recommendation. 

What  is  the  necessity  for  creating  a panel?  Dr.  Chase  said  that  he  does  not  support  the 
revised  letter. 

Dr.  Geiduschek  supported  Dr.  Chase's  comments  and  suggested  that  the  RAC 
recommend  a course  of  action,  not  a panel  to  study  the  issue.  However,  Dr.  Geiduschek 
disagreed  that  the  letter  suggests  that  there  is  an  inherent  danger  associated  with  gene 
therapy,  which  is  greater  than  any  other  experimental  treatment. 

Dr.  Zallen  suggested  the  inclusion  of  the  following  sentence  in  the  first  paragraph,  This 
situation  occurs  in  most  areas  of  medical  research.  Dr.  Walters  suggested  removal  of  the 
paragraph  that  specifically  recommends  the  formation  of  a panel.  If  the  RAC  wants  to 
bring  this  matter  to  the  attention  of  the  NIH  Director,  perhaps  the  letter  should  simply 
state  that  the  RAC  has  encountered  this  problem  and  is  asking  that  the  Director  find  a 
way  to  respond  to  the  problem. 

Dr.  H.  Miller  stated  that  it  is  the  position  of  the  FDA  that  the  current  requirements  of 
the  Federal  regulations,  namely  that,  ...an  explanation  as  to  whether  any  medical 
treatments  are  available  if  injury  occurs,  and  if  so  what  they  consist  of...,  is  adequate.  RAC 
members  who  feel  strongly  about  this  issue  should  submit  their  views  to  the  NIH 
Director  outside  of  the  RAC  since  the  issue  does  not  specifically  involve  recombinant 
DNA  or  gene  therapy. 

Dr.  Parkman  said  that  the  sentence  that  describes  a divergence  in  policy  is  inflammatory. 
The  reality  is  that  policies  have  been  very  consistent;  namely,  that  the  compensation  for 
non-negligent  research  is  not  the  responsibility  of  the  research  institution.  He  quoted 
the  following  statement  from  the  letter,  If  the  benefit  of  this  is  to  society  as  a whole,  then 
the  responsibility  for  payment  is  of  the  society  as  a whole.  It  is  not  the  responsibility  of  the 
investigator  or  the  institution  in  which  they  are  found.  He  said  that  this  statement  confirms 
the  necessity  that  compensation  for  non-negligent  injury  should  be  addressed  as  part  of 
the  administration's  revised  health  care  plan.  The  RAC  should  propose  that  the  NIH 
Director  recommend  that  it  is  not  the  right  of  an  insurance  company  to  deny  payment  to 
an  individual  because  of  the  fact  of  non-negligent  involvement  in  a research  protocol. 

The  ongoing  concern  is  that  insurance  companies  are  going  to  deny  payment  because 
research  is  involved.  Compensation  should  be  applicable  to  research  that  has  been 
approved  by  any  legally  constituted  IRB,  not  just  NIH  funded  research. 


[590] 


Recombinant  DNA  Research,  Volume  16 


Recombinant  DNA  Advisory  Committee  - 12/3-4/92 


Mr.  Barton  proposed  the  deletion  the  last  sentence  of  the  second  paragraph  because  it 
offers  only  one  approach  of  a number  of  alternative  options.  The  letter  should  explain 
that  it  is  unfair  to  expect  individuals  to  absorb  unpredictable  and  potentially  substantial 
medical  costs.  This  statement  would  inform  the  NIH  Director  that  there  is  a problem, 
but  leave  flexibility  in  the  form  of  a solution.  He  agreed  with  Dr.  Parkman  that  this 
issue  will  undoubtedly  arise  in  the  development  of  a national  health  care  program.  This 
recommendation  will  probably  be  appreciated  by  the  NIH  Director  and  other  people 
within  the  research  community  who  want  to  emphasize  that  the  future  of  biomedical 
research  has  to  be  taken  into  account  during  the  early  phases  of  discussion. 

Dr.  Murray  reiterated  the  comments  made  by  Ms.  Buc  earlier  in  the  meeting;  namely,  if 
people  are  informed  enough  to  sign  the  consent  document,  then  they  should  be 
considered  informed  enough  to  understand  their  financial  obligations. 

Dr.  Parkman  stated  that  if  society  believes  that  they  will  benefit  from  biomedical 
research  as  a whole,  then  the  financial  responsibility  is  to  society.  To  say  that  an 
institution  is  responsible  for  coverage  is  inappropriate. 

Dr.  Secundy  stated  that  it  is  not  incumbent  on  the  RAC  to  resolve  this  issue,  but  to 
decide  whether  to  take  a position  relative  to  the  acknowledgement  that  this  issue  is  a 
matter  of  human  concern  and  fairness.  The  RAC  should  not  attempt  to  resolve  this 
problem;  the  committee  should  simply  bring  this  matter  to  the  attention  of  the  NIH 
Director. 

Dr.  Parkman  stated  that  the  draft  letter  could  be  edited.  The  question  is  whether  the 
RAC  wants  to  take  a position  of  any  kind  on  this  issue  relative  to  the  NIH  Director. 

Committee  Motion 

A motion  was  made  by  Mr.  Barton  and  seconded  by  Dr.  Secundy  to  approve  the  letter 
with  the  following  changes:  (1)  add  the  following  sentence  to  the  end  of  the  first 
paragraph,  This  situation  occurs  in  most  areas  of  medical  research , (2)  delete  the  last 
sentence  of  the  second  paragraph  starting,  In  my  judgement...,  and  (3)  change  the  word 
might  to  should  and  delete  the  phrase  NIH  funded  from  the  third  paragraph. 

Dr.  Walters  asked  Dr.  Parkman  if  there  were  any  changes  that  could  be  introduced  into 
the  letter  that  would  persuade  him  to  endorse  this  letter.  Dr.  Parkman  said  that  even 
with  all  these  modifications,  he  will  vote  against  the  letter  because  the  statements  about 
divergence  of  policy,  etc.,  are  not  part  of  the  issue.  The  issue  is  the  concern  that  people 
who  encounter  non-negligent  injury  will  be  excluded  from  reimbursement  of  medical 
costs  by  the  primary  payer,  either  state  or  public,  because  the  injury  was  generated  as 
part  of  a research  protocol. 
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Dr.  Carmen  stated  that  he  is  in  support  of  the  letter;  however,  the  deletion  of  the  phrase 
NIH  funding  is  inappropriate.  The  NIH  Director  speaks  only  for  NIH,  which  has  certain 
funding  obligations.  The  RAC  is  an  NIH  committee.  He  proposed  the  following 
substitute  language,  ...but  all  types  of  research  carried  out  at  institutions  receiving  NIH 
support.  Mr.  Barton  accepted  Dr.  Carmen's  revision  as  a friendly  amendment.  The 
letter  reads  as  follows: 

In  reviewing  protocols  for  human  gene  therapy,  we  as  RAC  members  have 
become  increasingly  concerned  about  the  divergence  in  policy  among  various 
research  institutions  on  the  issue  of  providing  medical  care  to  subjects  who  may 
suffer  injury  in  the  course  of  their  participation  in  research.  This  situation  occurs 
in  most  areas  of  medical  research.  In  some  cases,  the  institution  promises  to 
cover  the  costs  of  immediate  care  but  hedges  on  long-term  care  arrangements.  In 
other  cases,  the  costs  of  medical  care  for  such  injuries  are,  according  to  the 
consent  forms,  to  be  paid  by  the  subjects  themselves,  or  by  their  insurance 
companies  if  the  subjects  are  insured  and  the  insurance  companies  will  pay. 

In  any  area  of  biomedical  research,  the  consequences  of  the  research  for  subjects 
are  not  fully  known.  In  our  view,  it  is  unfair  to  expect  individuals,  their  families, 
or  their  insurers  to  absorb  unpredictable  and  potentially  substantial  medical  costs 
arising  out  of  these  individuals'  participation  as  research  subjects. 

We  as  RAC  members,  have  reviewed  this  matter  at  considerable  length.  On  the 
basis  of  our  deliberations,  we  recommend  that  you  create  a panel  to  study  the 
question  of  how  the  medical  costs  of  research-related  non-negligent  injuries 
should  be  covered.  Such  a panel  should  make  policy  recommendations  that  would 
apply,  not  only  to  gene  therapy  research,  but  to  all  types  of  research  involving 
human  subjects.  We  believe  that  a uniform  policy  on  this  question  would  be 
welcomed  by  investigators,  who  are  concerned  about  the  welfare  of  the  patients 
whom  they  invite  to  participate  in  research,  as  well  as  by  the  research  subjects 
themselves. 

A motion  to  call  the  question  was  made  by  Dr.  Secundy  and  seconded.  The  motion  to 
call  the  question  passed  by  a vote  of  9 in  favor,  0 opposed,  and  2 abstentions. 

The  motion  to  approve  the  letter  with  the  aforementioned  changes  was  approved  by  a 
vote  of  9 in  favor,  4 opposed,  and  no  abstentions. 

XIII.  AMENDMENT  TO  THE  POINTS  TO  CONSIDER  REGARDING  SAFETY  OF 

DELIVERY/EXPRESSION  SYSTEMS  AND  REPORT  OF  MURINE  REPLICATION- 
COMPETENT  RETROVIRUS  (RCR)  ASSAYS  (CONTINUED) 
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Presentation-Dr.  Noguchi 

Dr.  Murray  called  on  Dr.  Philip  Noguchi  to  start  the  continued  discussion  on  RCR 
assays.  Dr.  Noguchi  commented  on  the  FDA's  standard  for  RCR  testing.  He  explained 
that  the  important  issue  is  the  reason  why  these  assays  are  performed.  The  FDA  does 
not  really  expect  that  every  investigator  will  be  able  to  detect  the  absolute  number  of 
RCR  in  a defined  volume,  but  the  sensitivity  of  the  assay  does  infer  a measure  of  safety 
as  demonstrated  by  current  events. 

Experiments  performed  in  Dr.  Nienhuis'  laboratory  provided  the  first  evidence  that  RCR 
have  the  capacity  to  cause  disease.  Recently,  3 consecutive  lots  of  vector  from  a supplier 
demonstrated  the  presence  of  a recombinational  event.  These  2 incidents  have  assisted 
the  FDA  in  quantifying  the  amount  RCR  that  can  produce  pathology.  Dr.  Noguchi 
commended  the  report  submitted  by  Dr.  Anderson  and  stated  that  the  report  supplies 
the  kind  of  information  that  the  FDA  welcomes. 

In  regard  to  the  supplier  that  produced  49  consecutive  RCR-negative  lots  prior  to 
experiencing  an  RCR-positive  lot,  Dr.  Noguchi  said  that  this  occurrence  indicated  that 
the  detection  of  RCR  is  not  a cumulative  experience,  but  a stochastic  event.  Therefore, 
every  production  lot  must  be  viewed  separately.  Hazards  are  not  always  incompatible 
with  treating  patients.  The  critical  issue  is  what  are  the  risks  associated  with  the 
administration  of  RCR  into  a patient. 

Dr.  Noguchi  explained  two  concepts  employed  at  the  FDA.  First,  there  should  be  a 
master  cell  bank  that  is  used  as  the  gold  standard  for  the  testing  of  complex  biological 
products.  The  assumption  is  that  all  of  the  cells  within  the  master  cell  bank  are 
identical.  Second,  the  production  bank,  or  the  working  cell  bank,  is  obtained  from  cells 
that  are  cultured  from  the  master  cell  bank.  Testing  of  the  working  cell  bank  is  different 
from  the  testing  performed  on  the  master  cell  bank.  The  master  cell  bank  is  assayed 
only  once. 

Dr.  Noguchi  introduced  Dr.  Arifa  Kahn  of  the  FDA  to  present  additional  information 
regarding  RCR  testing  requirements. 

Presentation-Dr.  Kahn 

Dr.  Kahn  stated  that  given  the  present  knowledge  regarding  the  generation  of  RCR,  one 
cannot  rely  on  the  theoretical  probability  of  safety  of  any  packaging  cell  system.  Each 
system  must  be  rigorously  tested  for  the  presence  of  RCR  using  the  most  sensitive  assays, 
and  must  be  demonstrated  to  be  safe. 
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Dr.  Kahn  distributed  a draft  of  the  FDA's  proposed  recommendations  for  the  testing  of 
gene  therapy  products.  These  recommendations  were  formulated  based  on  the  FDA's 
scientific  and  regulatory  knowledge  and  on  the  advice  of  experts  in  the  field  of 
retrovirology. 

The  FDA  recommendations  are  as  follows:  (1)  testing  of  the  master  cell  bank  and  the 
final  production  cells  by  an  initial  co-cultivation  step  with  cells  that  are  susceptible  to  a 
wide  variety  of  murine  retroviruses,  namely  Mus  dunni  cells,  and  subsequent  passage  of 
these  cells  for  4 weeks;  (2)  testing  of  the  supernatant  generated  from  the  co-cultivation 
procedure  for  the  presence  of  RCR;  (3)  testing  of  each  individual  production  lot,  since  it 
is  unknown  at  what  passage  RCR  are  generated;  (4)  testing  of  the  final  production  lot 
supernatant  by  amplification  in  Mus  dunni  cells,  because  this  cell  line  is  susceptible  to  a 
wide  range  of  murine  retroviruses,  except  Moloney  murine  leukemia  virus  (MMLV);  (5) 
testing  for  MMLV  by  amplification  on  NIH  3T3  cells;  (6)  testing  the  supernatants 
generated  from  the  amplification  procedures  for  RCR;  (7)  testing  of  the  transduced 
target  cells  by  an  initial  co-cultivation  with  Mus  dunni  cells  followed  by 
immunofluorescence  or  PCR  assay;  (8)  testing  of  the  supernatant  generated  from  the 
transduced  cells  by  the  S+L‘  assay.  Dr.  Kahn  stated  that  the  aforementioned  assays  are 
those  that  the  FDA  recommends  as  currently  being  the  most  sensitive  assays  for  the 
actual  detection  of  RCR. 

The  viable  immunofluorescence  assay  can  be  performed  on  infected  Mus  dunni  cells 
using  a broadly  reactive  monoclonal  antibody  that  will  detect  the  envelope  products  of 
all  4 host  range  classes  of  retroviruses,  ecotropic,  xenotropic,  amphotropic,  and  mink  cell 
focus-inducing  (MCF)  viruses. 

The  FDA  recommends  that  the  feline  S+L‘  assay  should  be  performed  with  the  PG4  cell 
line  for  the  detection  of  xenotropic  and  amphotropic  viruses  and  the  mouse  S+L'  should 
be  performed  using  D56  cells  for  the  detection  of  ecotropic  viruses.  DNA  from  infected 
Mus  dunni  cells  and  transduced  target  cells  can  be  analyzed  by  PCR  using  murine 
leukemia  virus  (MuLV)-specific  primers. 

Dr.  Kahn  described  2 assays  that  could  be  performed  in  addition  to  the  aforementioned 
retrovirus  assays;  however,  they  are  not  as  sensitive  as  the  other  assays.  Transmission 
electron  microscopy  (TEM)  can  be  used  to  examine  transduced  human  cells,  and  the  RT 
assay  can  be  performed  on  supernatants  generated  from  these  cells.  TEM  and  RT  may 
be  useful  for  the  detection  of  potential  human  retroviruses  or  recombination  in  the 
transduced  human  cells,  because  there  are  no  cell  lines  or  assays  that  can  be 
recommended  at  this  point  due  to  their  unknown  host  range. 

Dr.  Kahn  stated  that  these  recommendations  are  subject  to  modification  with  the 
development  of  more  sensitive  assays  for  the  detection  of  RCR. 
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Discussion 

Dr.  Parkman  said  that  the  long-term  culture  of  production  lines,  which  was  proposed  by 
Drs.  D.  Miller  and  Geiduschek,  should  be  the  most  appropriate  and  simple  assay  for  the 
detection  of  RCR.  How  long  would  the  production  line  have  to  be  fed  and  passaged? 
What  would  the  additional  cost  be  to  an  investigator  if  long-term  culture  were  required? 
Dr.  D.  Miller  stated  that  the  production  line  would  have  to  be  passaged  every  3 days; 
therefore,  a 4-week  culture  would  require  10  passages. 

Dr.  D.  Miller  explained  that  there  are  probably  as  many  as  100  different  murine  viruses 
that  could  be  assayed.  The  reconstruction  assays  have  to  be  designed  to  yield  optimal 
information.  Does  the  FDA  want  investigators  to  assay  for  all  100  possible  murine 
viruses?  These  viruses  all  have  different  tropisms.  What  about  the  number  and  types  of 
helper  viruses?  He  proposed  the  following  scenario:  what  if  1 weakly-replicating  virus  is 
present  but  it  takes  3 months  to  obtain  a positive  readout.  Does  the  FDA  want 
investigators  to  aim  at  this  target  as  well?  The  testing  process  is  not  as  simple  as  it 
appears.  Tests  can  be  performed  for  the  detection  of  amphotropic  viruses,  i.e.,  the 
culture  could  be  spiked  with  amphotropic  virus  and  cultured  for  3 weeks.  RCR  should 
be  readily  detectable  after  this  period  of  time. 

Dr.  Parkman  noted  that  an  amphotropic  virus  was  the  agent  that  produced  the  monkey 
lymphomas.  Therefore,  amphotropic  viruses  represent  definable  risks  as  opposed  to  the 
theoretical  risks  imposed  by  other  viruses.  Testing  should  focus  on  those  viruses  that 
have  the  potential  to  become  RCR.  There  is  more  confidence  in  assaying  the  entire 
production  lot  for  potentially  hazardous  agents,  amphotropic  viruses,  than  to  perform 
multiple  tests  on  an  aliquot  of  the  production  lot  as  proposed  by  the  FDA. 

Dr.  Post  said  that  the  degree  of  confidence  imposed  by  testing  an  aliquot  of  the 
production  lot  depends  primarily  on  the  volume  of  that  aliquot.  Dr.  Kahn  responded 
that  the  FDA  is  proposing  that  the  amount  of  the  production  lot  that  should  be  tested 
should  be  approximately  5%  of  the  total  lot.  This  testing  volume  for  a 5 liter  lot  would 
be  approximately  100  ml.  Based  on  the  FDA's  calculations,  the  co-cultivation  assay  is 
approximately  10  times  more  sensitive  than  testing  the  supernatant  directly;  therefore, 
0.5%  of  the  total  pool  sample  is  recommended. 

Dr.  D.  Miller  asked  if  the  FDA  has  tested  the  co-cultivation  technique,  i.e.,  have 
reconstruction  experiments  been  performed  in  which  Mus  dunni  cells  have  been  co- 
cultivated with  packaging  cell  lines.  Dr.  Kahn  said  that  the  actual  reconstruction 
experiments  have  not  been  performed  by  the  FDA;  however,  co-cultivation  has  generally 
been  proven  to  be  a more  sensitive  assay  than  other  methods  in  retrovirology.  Similar 
data  has  been  derived  from  experiments  with  the  human  immunodeficiency  virus  (HIV). 
Dr.  D.  Miller  said  that  HIV  is  a very  unique  virus  and  should  not  be  compared  to  this 
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setting.  Dr.  Kahn  stated  that  the  FDA  has  been  made  aware  of  data  indicating  that  co- 
cultivation of  cells  detects  RCR,  whereas  direct  testing  of  the  supernatant  does  not 
detect  RCR.  Dr.  Anderson  inquired  about  the  source  of  this  data.  Dr.  Kahn  said  that 
she  could  not  discuss  the  co-cultivation  data.  Dr.  Kahn  added  that  Dr.  Janet  Hartley  has 
data  in  her  notebook  that  she  is  willing  to  share  if  necessary.  Dr.  Anderson  was 
concerned  that  the  FDA  is  proposing  a regulatory  assay  based  on  preliminary  data  that  is 
still  in  someone's  notebook.  Dr.  D.  Miller  said  that  the  RAC  should  have  access  to  this 
data,  because  it  is  central  to  this  discussion. 

Dr.  Kurt  Gunter  of  the  FDA  responded  that  the  FDA  is  currently  in  the  process  of 
conducting  the  suggested  reconstruction  experiments.  These  experiments  will  be 
compared  to  other  testing  methods  and  validated.  Once  the  FDA  has  solid  information 
(solid  data  on  the  relative  sensitivities  and  the  relative  usefulness  of  co-cultivation),  a 
rational  decision  will  be  made  about  the  preferable  method  of  testing.  However,  it  is 
reasonable  that  co-cultivation  assays  should  be  performed  if  there  is  no  undue  burden 
placed  on  the  investigator.  Dr.  Gunter  explained  that  the  FDA  recommendations 
distributed  by  Dr.  Kahn  are  for  discussion  purposes.  These  are  procedures  that  are 
being  considered  by  the  FDA. 

Dr.  Anderson  stated  that  it  is  very  important  that  the  RAC  continue  to  work  with  the 
FDA  on  this  issue.  However,  he  expressed  concern  about  the  FDA's  proposed 
recommendations.  Although  the  FDA  has  proposed  to  perform  RCR  testing  in  a 
responsible  manner,  Dr.  Anderson  said  that  he  would  like  to  offer  several  counter- 
suggestions.  The  margin  of  safety  imposed  by  present  assays  must  be  considered.  Is  it 
necessary  to  establish  more  sensitive  assays?  There  is  no  question  that  sensitive  assays 
must  exist,  and  that  investigators  must  be  conscientious.  There  is  no  evidence,  however, 
that  the  present  assays  need  to  be  improved.  In  response  to  the  FDA's  comments 
regarding  the  preliminary  nature  of  these  proposals,  Dr.  Anderson  reminded  the  RAC 
that  the  FDA  had  proposed  a clinical  hold  on  all  gene  therapy  protocols  several  months 
ago  until  new  standards  could  be  developed.  Subsequently,  the  FDA  withdrew  the 
proposed  clinical  hold.  Although  the  FDA  has  not  delayed  any  human  gene  therapy 
protocols,  the  threat  still  remains. 

Dr.  Anderson  explained  that  the  assays  proposed  by  the  FDA  are  reasonable  assays.  In 
fact,  they  have  included  every  assay  that  could  possibly  be  conceived  to  improve  the  level 
of  sensitivity.  However,  these  are  not  regulatory  assays.  The  proposed  testing  will  cost 
investigators  hundreds  of  thousands  of  dollars  and  an  enormous  amount  of  time.  The 
FDA  could  bring  the  entire  field  of  biotechnology  to  its  knees,  and  then  the  U.S.  might 
have  to  buy  its  recombinant  products  from  another  country  such  as  Japan.  It  is 
imperative  that  the  RAC  and  FDA  ask  the  fundamental  question.  Do  we  need  new, 
more  sensitive  assays?  Dr.  Anderson  stated  that  he  is  of  the  opinion  that  new,  more 
sensitive  assays  are  not  necessary. 
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Dr.  D.  Miller  asked  Dr.  Anderson  about  the  current  cost  of  certifying  a vector  for  human 
use?  Dr.  Anderson  asked  Dr.  Gerard  McGarrity  of  GTI  to  respond  to  Dr.  D.  Miller's 
question.  Dr.  McGarrity  stated  that  the  entire  cost  is  approximately  $100,000.  If  the 
cost  of  vector  certification  increases,  these  expenditures  would  be  prohibitive  to  small 
start-up  companies. 

Dr.  Post  asked  Dr.  Anderson  to  describe  the  assay(s)  that  were  performed  that  detected 
the  breakout  that  occurred  in  one  of  the  vector  lots?  Dr.  Anderson  responded  that  the 
breakout  was  detected  by  the  standard  S+L‘  assay  and  confirmed  with  NIH  3T3 
amplification. 

Dr.  Noguchi  reminded  Dr.  Anderson  that  there  is  data  that  is  available,  only  to  the 
FDA,  that  indicates  that  it  is  reasonable  to  consider  additional  testing.  Dr.  Anderson 
asked  if  these  findings  were  demonstrated  on  a supernatant  assay.  Dr.  Noguchi  stated 
that  he  could  not  discuss  the  data.  Dr.  Anderson  said  that  these  data  were  derived  from 
supernatant  assays. 

Dr.  Anderson  said  that  if  co-cultivation  proves  to  be  twice  a sensitive  as  current  methods, 
but  costs  10  times  as  much,  what  is  the  end  result?  Dr.  Noguchi  said  that  it  is 
reasonable  to  discuss  this  issue,  and  that  the  FDA  will  work  with  investigators  to  develop 
reasonable  recommendations. 

Dr.  Parkman  said  that  there  is  a basic  problem  with  the  FDA's  proposal  to  test  an 
aliquot,  because  there  will  always  be  the  possibility  that  your  aliquot  does  not  contain  a 
vector-producing  cell.  There  will  always  be  a degree  of  uncertainty  that  you  have  missed 
by  selection  up  front,  the  agent  you  are  trying  to  detect.  Dr.  D.  Miller  reminded  Dr. 
Parkman  that  testing  an  entire  lot  assures  that  there  is  zero  contamination.  Is  it  really 
necessary  to  ensure  zero  contamination?  Culturing  the  entire  production  lot  for  a month 
is  unworkable  in  terms  of  cost  and  unreasonable  in  terms  of  risk.  At  some  point,  the 
RAC  and  FDA  have  to  decide  on  an  acceptable  level  of  contamination. 

Dr.  D.  Miller  said  that  at  this  point,  decisions  can  only  be  made  based  on  current  data. 

If  more  informative  data  is  verified,  then  present  criteria  may  have  to  be  modified. 
Current  data,  however,  suggests  that  the  established  testing  criteria  are  sufficient. 

Dr.  Kahn  stated  that  the  proposed  testing  procedures  developed  by  the  FDA  were 
established  for  the  purpose  of  simplification,  as  well  as  adding  a sensitivity  factor.  The 
draft  proposal  is  not  intended  to  complicate  testing  procedures  or  increase  costs.  As  a 
point  of  clarification,  investigators  would  not  be  required  to  perform  all  of  the  assays 
that  are  listed  for  the  detection  of  RCR.  Any  one  of  these  assays  is  sufficient  to  detect 
retrovirus.  GTI  is  already  performing  S+L'  and  PCR  assays.  The  immunofluorescence 
assay  is  suggested  as  an  alternative,  because  it  can  detect  all  four  classes  of  retroviruses. 
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In  no  way  is  the  FDA  stating  that  they  will  require  that  all  of  these  assays  should  be 
performed  for  the  detection  of  retrovirus.  In  addition,  the  TEM  assay  is  only  offered  as 
a suggestion.  TEM  offers  the  additional  measure  that  unknown  retrovirus  particles  can 
be  detected. 

Dr.  Kahn  responded  to  Dr.  Anderson's  question  regarding  the  need  for  more  sensitive 
assays.  Gene  therapy  products  are  unique  because  of  the  fact  that  there  are  no 
inactivation  procedures  as  with  other  biological  products,  e.g.,  monoclonal  antibodies. 

The  FDA's  safety  concerns  are  greatly  heightened  due  to  the  recent  results  regarding  the 
generation  of  RCR.  Therefore,  there  is  a need  for  the  development  of  new,  more 
sensitive  assays.  If  more  sensitive  assays  are  established,  there  will  be  an  obligation  to 
use  these  testing  methods  as  they  become  available. 

Dr.  D.  Miller  said  that  the  distinctions  drawn  between  monoclonal  antibody  production 
and  vector  production  are  not  as  clear  as  Dr.  Kahn  suggests.  The  FDA  limits  the 
amount  of  contaminating  DNA  that  can  be  present  in  monoclonal  antibody  producer 
cells.  DNA  could  be  transferred  for  Chinese  hamster  ovary  (CHO)  cells  during  the 
production  of  recombinant  products  that  could  in  turn  be  taken  up  by  other  cells.  Dr.  D. 
Miller  stated  that  retroviruses  are  not  any  more  unique  than  monoclonal  antibodies. 
Viruses  can  be  inactivated  from  these  biological  products,  but  the  DNA  remains;  and  the 
FDA  is  concerned  about  this  level  of  contamination. 

Dr.  D.  Miller  said  that  the  experiment  proposed  by  Dr.  Parkman  is  ideal  and  should  be 
performed  to  determine  how  rapidly  the  virus  spreads  through  a culture  and  the 
feasibility  of  performing  this  assay  on  the  entire  production  lot.  If  the  additional 
procedure  costs  less  than  $5,000,  than  it  is  probably  reasonable  to  perform.  However,  if 
the  proposed  testing  were  to  cost  $100,000,  this  cost  would  be  prohibitive.  The  RAC  is 
charged  with  developing  testing  procedures  within  reason  that  will  provide  the  greatest 
safety  possible.  Dr.  D.  Miller  stated  that  it  is  unreasonable  for  the  FDA  to  pursue  more 
sensitive  assays  in  the  absence  of  any  observable  risk. 

Dr.  Geiduschek  said  that  he  is  satisfied  to  know  that  this  issue  will  be  pursued  vigorously 
in  the  near  future.  He  asked  about  the  fraction  of  cost  for  gene  therapy  that  resides  in 
vector  production.  Dr.  Anderson  responded  that  the  cost  of  producing  the  vector  is 
probably  50%  of  the  entire  cost  of  the  gene  therapy  procedure.  The  cost  of  producing 
the  vector  is  substantial. 

Dr.  McGarrity  responded  to  the  issue  of  cost.  When  current  RCR  testing  procedures 
were  compared  to  the  standards  used  prior  to  the  summer  of  1992,  GTI  estimated  an 
increase  of  about  7-fold  in  the  staff  time  required  for  quality  assurance  assays  based  on 
the  inclusion  of  co-cultivations  and  amplifications.  If  this  increase  is  beneficial  and  cost 
effective,  this  money  is  well  spent.  He  questioned  Dr.  Kahn  on  the  0.5%  estimate  she 
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provided  regarding  the  proposed  testing  aliquot.  Dr.  McGarrity  noted  that  his 
calculations  indicated  that  2%  of  the  lot  would  be  tested.  Dr.  Kahn  said  that  0.5%  refers 
to  the  number  of  cells,  not  the  volume  of  supernatant. 

Dr.  McGarrity  said  that  there  has  been  a lot  of  discussion  regarding  the  lack  of  data 
regarding  co-cultivation  and  amplification.  He  would  like  to  include  the  viral 
immunofluorescence  in  this  list  of  non-validated  tests.  Dr.  Kahn  said  that  the 
immunofluorescence  test  was  proposed  as  an  additional  test,  but  the  FDA  is  not 
requiring  investigators  to  perform  this  assay;  it  is  one  of  4 tests  that  can  be  performed  to 
detect  retroviruses.  Dr.  McGarrity  added  that  TEM,  even  in  the  mouse  producer  cell 
lines,  is  a very  inefficient  test.  Dr.  Wivel  agreed  with  Dr.  McGarrity's  assessment  of  the 
TEM  assay.  Dr.  Wivel  noted  that  the  level  of  sensitivity  is  extremely  low,  and  that  this 
technique  will  not  detect  viral  replication  unless  there  is  budding.  Dr.  McGarrity  said 
that  GTI  is  in  the  process  of  trying  to  validate  a number  of  new  assays;  however,  the 
data  is  not  conclusive  at  this  stage.  Additional  data  will  be  forthcoming. 

Dr.  Murray  stated  that  since  there  is  no  further  discussion,  Dr.  Anderson  will  revise  the 
report  and  submit  it  to  the  RAC  at  a future  date. 

XIV.  DISCUSSION  REGARDING  PROPOSED  REVIEW  OF  EUROPEAN  HUMAN  GENE 
THERAPY  PROTOCOL  (CONTINUED) 

Presentation-Dr.  Blaese 

Dr.  Murray  called  on  Dr.  Blaese  to  start  the  continued  discussion  regarding  the  review  of 
a European  human  gene  therapy  protocol.  Dr.  Blaese  provided  additional  background 
information  regarding  the  European  request  for  RAC  review  of  a human  gene  therapy 
protocol.  A group  of  European  scientists  have  inquired  about  the  possibility  that  the 
RAC  would  assist  them  in  establishing  an  acceptable  review  format.  These  scientists  are 
concerned  that  if  individual  European  countries  develop  their  own  guidelines  and 
legislation,  than  cooperation  between  international  boundaries  will  be  impossible.  The 
EC  is  considering  the  adoption  of  the  RAC  model  of  review. 

In  an  effort  to  establish  a set  of  standards  that  is  similar  to  the  RAC,  The  EC  has 
proposed  the  dual  review  of  several  protocols.  The  European  committee  may  actually 
establish  a working  group  to  participate  in  the  RAC  review  of  these  proposals.  This 
process  will  provide  structure  and  legitimacy  to  European  scientists'  proposal  that  the  EC 
establish  a multinational  review  committee.  This  request  has  come  from  the  president  of 
this  organization. 

Dr.  Dronamraju  asked  Dr.  Blaese  to  be  more  specific  regarding  the  origin  of  this 
request.  Dr.  Blaese  said  that  this  committee,  the  Working  Group  for  Gene  Therapy  and 
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Gene  Transfer,  is  comprised  of  40  individuals  from  Spain,  France,  Belgium,  Holland, 
Germany,  Italy,  the  United  Kingdom,  and  Sweden.  The  first  organizational  meeting  of 
this  working  group  was  held  in  October  1992;  at  that  time,  the  president,  officers,  and 
board  members  were  elected. 

Dr.  D.  Miller  stated  that  a large  body  of  information  regarding  the  review  process  can  be 
obtained  from  the  Points  to  Consider  and  the  RAC  meeting  minutes.  Earlier  discussion 
suggested  that  the  request  should  not  be  honored  unless  it  came  from  a regulatory 
authority.  Dr.  Blaese  explained  that  an  official  request  would  not  be  made  until  the 
organizational  structure  has  been  established  and  the  European  members  have  attended 
RAC  meetings. 

Dr.  Carmen  stated  that  as  a political  scientist,  he  sees  a great  deal  of  merit  in  acceding 
to  this  request.  The  RAC  is  advisory  to  the  NIH  Director.  NIH  is  part  of  a Federal 
agency  and  it  is  our  responsibility  to  offer  expert  views  on  recombinant  DNA  research, 
particularly  human  gene  therapy.  The  RAC  has  been  asked  to  provide  advice  and 
counsel  the  formulation  of  high  policy  in  an  area  of  great  concern  to  the  EC.  Providing 
assistance  would  be  a great  step  forward  in  cooperation  between  the  U.S.  and  the  EC.  If 
the  RAC  establishes  that  this  request  has  come  from  a duly  constituted  representative  of 
the  EC,  then  the  RAC  should  provide  its  assistance. 

Dr.  Seth  Pauker  of  the  FDA  said  that  the  EC  has  a committee  that  reviews  proprietary 
medicinal  products.  This  directive  was  established  in  1987,  and  the  committee  has  been 
responsible  for  the  review  of  all  biotechnology  produced  pharmaceuticals.  This 
committee  has  a biotechnology  working  group  that  has  established  guidelines  similar  to 
the  FDA's  points  to  consider.  Dr.  Pauker  said  that  is  reasonable  to  suspect  that  the 
members  of  this  committee  have  given  this  issue  considerable  thought. 

Dr.  Dronamraju  asked  Dr.  Wivel  about  NIH's  policy  regarding  such  issues.  Dr.  Wivel 
responded  that  there  is  nothing  in  the  NIH  Guidelines  that  would  provide  the  RAC  with 
this  particular  purview.  Dr.  Doi  asked  Dr.  Blaese  if  the  EC  is  interested  in  scientific 
feedback  alone  or  the  social  and  ethical  input  that  the  RAC  members  could  provide. 

Dr.  Blaese  stated  that  it  is  his  understanding  that  this  committee  wants  advice  on  more 
than  just  the  scientific  aspects  of  these  protocols.  The  European  investigators  involved 
are  certainly  capable  of  providing  scientific  review;  they  are  interested  in  the  broader 
analysis. 

Ms.  Meyers  said  that  she  does  not  understand  why  this  request  has  developed  into  such  a 
contentious  issue.  Clearly,  the  RAC  should  cooperate  with  the  rest  of  the  world  to 
obtain  the  global  objectives  of  treating  and  curing  disease. 
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Dr.  Blaese  said  that  the  European  committee  is  not  asking  the  RAC  for  a commitment, 
only  for  assurance  that  they  will  provide  assistance.  If  the  EC  can  be  confident  that  the 
RAC  will  be  receptive  to  this  request,  then  they  will  be  able  to  focus  their  strategy. 

Dr.  Schaechter  stated  that  there  is  a serious  question  about  the  valuable  information  that 
would  be  obtained  from  this  exercise.  However,  the  RAC  should  not  consider  the 
efficacy  of  this  request.  The  RAC  should  take  the  position  that  if  the  EC  believes  that 
useful  information  will  be  derived  from  the  exercise,  then  the  RAC  should  support  them. 
Dr.  Murray  added  that  if  the  request  were  to  come  from  an  appropriate  official  body, 
this  request  would  be  an  important  consideration. 

j 

Committee  Motion 

A motion  was  made  by  Dr.  D.  Miller  and  seconded  by  Dr.  DeLeon  to  provide  a positive 
response  to  this  request.  The  motion  passed  by  a vote  of  13  in  favor,  0 opposed,  and  1 
abstentions. 

Dr.  Murray  noted  that  in  the  interest  of  time  the  next  agenda  item  regarding  the 
separation  of  the  gene  marking  informed  consent  document  from  the  therapeutic 
informed  consent  document  will  be  postponed  to  a future  RAC  meeting. 

XV.  DISCUSSION  REGARDING  COMPASSIONATE  PLEA  EXEMPTIONS  TO  RAC 
REVIEW/DR  WALTERS  AND  MR  BARTON 

Presentation-Dr.  Walters 

Dr.  Murray  called  on  Dr.  Walters  to  give  his  primary  review  on  compassionate  plea 
exemptions.  Dr.  Walters  explained  that  a request  has  been  made  to  the  NIH  Director 
regarding  the  treatment  of  a single  brain  tumor  patient  on  a human  gene  therapy 
protocol  that  has  not  been  reviewed  or  approved  by  the  RAC.  He  explained  that  he  is 
sympathetic  with  the  plight  of  the  patient  but  suggested  that  the  RAC  should  not  become 
involved  in  advocating  the  compassionate  treatment  of  individual  patients  in  protocols 
that  have  not  been  formally  reviewed  and  recommended  for  approval  by  the  committee. 

He  proposed  an  alternative  to  the  compassionate  use  policy  for  protocols;  namely,  the 
approval  of  minor  variations  to  approved  protocols,  e.g.,  relaxation  of  the 
inclusion/exclusion  criteria  of  a particular  study.  If  a patient  was  presented  who  was 
otherwise  untreatable  and  failed  on  2 of  3 inclusion  criteria,  there  ought  to  be  a 
mechanism  to  respond  to  that  particular  patient  without  waiting  until  the  next  scheduled 
RAC  meeting.  The  RAC  should  establish  a mechanism  for  approving  minor  deviations 
to  previously  approved  protocols. 
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In  regard  to  this  specific  request,  the  RAC  would  lose  any  semblance  of  quality  control 
in  the  field  of  gene  therapy  if  it  were  to  respond  to  compassionate  use  pleas  that  were 
not  in  conjunction  with  a protocol  that  had  been  reviewed  by  the  committee  in  its  final 
form. 

Presentation-Mr.  Barton 

Mr.  Barton  stated  that  he  reviewed  the  compassionate  plea  request  from  a legal 
perspective.  Currently,  the  RAC  cannot  approve  a request  that  has  not  been  reviewed. 
Unless  the  RAC  has  reviewed  a protocol  that  has  received  due  public  notice  in  the 
Federal  Register , then  the  RAC  should  not  approve  the  request.  There  is  a possibility 
that  the  investigator  would  receive  a court  injunction  if  the  public  has  not  received  due 
notice  and  been  allowed  to  comment  on  the  proposed  action. 

The  RAC  ultimately  considers  the  safety  to  the  subject.  Compassionate  plea  exemptions 
are  an  issue  for  the  FDA  to  consider.  In  general,  the  FDA  approval  process  does  not 
apply  to  the  Phase  I testing;  however,  some  investigators  have  applied  prior  to  their 
investigational  new  drug  (IND)  submission.  To  date,  the  RAC  has  not  considered  any 
protocols  that  are  beyond  Phase  I;  therefore,  adverse  affects  of  the  therapy  must  be 
considered. 

Unlike  other  biologic  therapeutics,  gene  therapy  presents  additional  concerns  regarding 
third-party  transmission.  For  example,  the  RAC  has  just  approved  several  protocols  for 
the  treatment  of  CF  using  adenovirus  vectors.  Data  suggests  that  these  patients  will 
continue  to  shed  recombinant  virus.  What  are  the  implications  for  the  public?  These 
safety  concerns  are  reflective  of  the  RACs  role,  namely,  reassuring  the  public  that  this 
technology  is  going  to  be  used  in  a way  that  will  be  safe.  The  RAC  must  consider  to 
what  extent  future  patients  might  be  deprived  of  the  benefits  of  a solid  efficacy  analysis 
based  on  the  first  generation  of  patients. 

Discussion 

Dr.  Parkman  said  that  he  is  basically  in  support  of  the  relaxation  of  inclusion/exclusion 
criteria  as  outlined  by  Dr.  Walters.  A mechanism  is  already  in  place  for  the  approval  of 
minor  modifications.  The  Points  to  Consider  states  that  requests  for  minor  modifications 
can  be  approved  by  the  Chair  of  the  RAC  and  that  the  Chair  may  consult  with  other 
committee  members  if  necessary.  This  procedure  is  endorsed  by  IRBs.  It  is  perfectly 
appropriate  for  an  investigator  to  request  a minor  modification  of  an  approved  protocol. 

Ms.  Meyers  asked  for  clarification  regarding  the  proposed  request.  Dr.  Wivel  stated  that 
the  request  originated  from  a physician  who  wants  to  perform  gene  therapy  on  one 
patient.  This  request  was  submitted  directly  to  the  NIH  Director. 
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Ms.  Meyers  asked  for  clarification  regarding  the  investigator's  obligation  to  obtain  RAC 
review.  Dr.  Murray  explained  that  research  conducted  at  an  NIH  sponsored  institution  is 
subject  to  the  NIH  Guidelines.  Therefore,  if  an  investigator  does  not  receive  NIH 
funding,  the  RAC  has  no  purview  over  the  proposed  experiment.  For  the  record,  Dr. 
Murray  reminded  the  RAC  that  they  have  reviewed  a number  of  protocols  that  were 
submitted  voluntarily  by  non-NIH  funded  institutions.  Dr.  Murray  said  that  she  is  not 
aware  if  the  requesting  institution  receives  NIH  funding. 

Dr.  Ivor  Royston,  Scientific  Director  of  the  San  Diego  Regional  Cancer  Center, 
responded  to  the  RAC  members'  comments.  The  San  Diego  Cancer  Center  is  an  NIH 
grantee  institution;  therefore,  this  research  is  subject  to  the  NIH  Guidelines  and  RAC 
review.  He  noted  that  he  had  submitted  a human  gene  therapy  protocol  to  the  HGTS 
for  review  in  November  1991.  The  original  protocol  involving  cytokine  gene  therapy 
with  fibroblasts  was  deferred  by  the  HGTS.  He  said  that  he  will  return  with  a formal 
request  in  1993. 

Dr.  Royston  explained  that  this  compassionate  plea  request  is  for  an  individual  patient 
who  is  the  wife  of  the  chairman  of  the  board  of  the  San  Diego  Cancer  Center. 

Therefore,  the  patient  is  aware  of  the  research  that  is  being  conducted  and  has  asked  the 
investigators  if  gene  therapy  could  provide  any  therapeutic  benefit.  The  patient  has  a 
Stage  IV  glioblastoma.  This  brain  tumor  is  incurable.  The  patient's  cells  have  been 
established  in  culture  and  have  been  transduced  with  the  IL-2  gene. 

Dr.  Royston  stated  that  prior  to  the  patient's  request  for  gene  therapy,  brain  tumor 
research  was  never  contemplated.  The  patient's  cells  have  been  transduced  with  a vector 
that  has  not  been  approved  by  the  RAC  and  a vector  from  Dr.  Bemd  Gansbacher  that 
has  received  RAC  approval.  Dr.  Royston  stated  that  the  FDA  has  been  very  responsive 
to  his  request,  but  the  NIH  does  not  have  a similar  mechanism  for  providing  guidance 
regarding  the  treatment  of  individual  patients  who  could  die  prior  to  the  next  regularly 
scheduled  RAC  meeting.  Dr.  Royston  said  that  the  recourse  for  proceeding  without  the 
NIH  Director's  approval  could  be  the  withdrawal  of  all  NIH  grants  from  the  San  Diego 
Cancer  Center.  He  stated  that  he  did  not  want  to  see  this  happen.  If  FDA  approval  is 
not  received,  then  he  would  not  seek  RAC  approval.  However,  if  the  FDA  approves  the 
single  patient  IND  exemption,  he  would  request  that  someone  from  the  RAC  or  NIH 
authorize  the  treatment  of  this  individual. 

Ms.  Meyers  stated  that  there  are  approximately  20,000  to  30,000  glioblastoma  patients  in 
the  U.S.  What  do  you  say  to  these  individuals?  Dr.  Royston  stated  that  he  is  not 
optimistic  that  this  therapy  will  work  for  this  patient.  He  is  merely  a scientist  who  has 
been  requested  to  provide  this  therapy.  This  patient  has  presented  her  case  strongly  to 
numerous  doctors  throughout  this  country  and  to  Federal  government  officials.  Dr. 
Royston  said  that  he  encouraged  the  patient  to  enroll  in  Dr.  Edward  Oldfield's  NIH 
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approved  glioblastoma  protocol,  but  she  was  informed  that  the  protocol  is  not  ready  for 
her  at  this  time. 

Dr.  Royston  stated  that  he  would  be  happy  to  send  the  FDA  single  patient  IND 
exemption  material  to  anyone  who  wishes  to  review  it.  Dr.  D.  Miller  noted  that  the 
FDA  material  had  not  been  included  as  part  of  the  information  that  was  forwarded  to 
the  NIH  Director.  Dr.  Royston  stated  that  he  was  not  asking  for  RAC  approval  today, 
but  to  urge  the  RAC  to  develop  a mechanism  in  which  he  can  communicate  with  the 
RAC. 

Dr.  D.  Miller  said  that  the  NIH  Director  would  have  to  decide  whether  she  would  allow 
a change  in  the  procedures  that  are  in  place  for  the  evaluation  of  a request  that  is  not 
within  the  RACs  purview.  Dr.  Royston  noted  that  the  request  for  this  discussion 
originated  from  the  NIH  Director.  Dr.  Wivel  stated  that  the  NIH  Director  can  request 
that  the  RAC  modify  or  amend  the  NIH  Guidelines  regarding  this  issue.  The  RAC  could 
make  a specific  recommendation  regarding  the  NIH  Guidelines , which  the  Director  can 
either  accept  or  reject. 

Dr.  Post  asked  Dr.  Royston  how  this  situation  developed;  namely,  that  the  investigators 
are  in  a position  where  their  protocol  is  far  enough  along  that  it  can  be  submitted  to  the 
FDA,  but  has  not  been  formally  submitted  to  the  RAC.  Dr.  Royston  said  that  he  was 
not  aware  that  the  RAC  would  entertain  a single  patient  protocol.  Dr.  Royston  said  that 
he  had  consulted  the  Director's  office  on  this  issue,  and  that  he  had  not  been  advised  to 
submit  a single  patient  protocol.  Dr.  Royston  said  that  it  may  not  be  appropriate  for  the 
entire  RAC  to  entertain  a single  patient  request.  Dr.  Murray  reminded  Dr.  Royston  that 
the  RAC  has  approved  protocols  with  as  few  as  3 patients.  There  are  no  limitations  to 
patient  enrollment.  Dr.  Royston  stated  this  issue  goes  beyond  this  one  patient. 

Dr.  Chase  said  that  he  was  troubled  by  the  fact  that  the  original  request  came  from  a 
U.S.  Senator  to  the  NIH  Director.  The  RAC  is  an  advisory  committee.  The  NIH 
Director  is  free  to  accept  or  reject  the  RACs  advice.  The  RAC  has  been  put  in  the 
position  of  assuming  an  executive  authority  that  it  does  not  possess.  This  request  is 
completely  inappropriate  for  an  advisory  body. 

Dr.  Parkman  stated  that  it  is  his  understanding  that  no  substantive  actions  can  be  taken 
by  the  RAC  that  are  not  part  of  a public  meeting.  Therefore,  it  is  appropriate  to  make 
minor  modifications  to  approved  protocols  outside  of  the  public  forum.  There  is  no 
mechanism,  based  on  the  NIH  Guidelines,  for  the  RAC  to  review  a protocol  outside  of  a 
public  meeting.  In  order  for  the  RAC  to  review  protocols  between  meetings,  an 
amendment  would  have  to  be  made  to  the  NIH  Guidelines. 
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Dr.  Carmen  asked  Dr.  Royston  if  this  compassionate  plea  request  would  be  for 
submission  to  the  protocol  that  was  deferred  by  the  HGTS  in  November  1991.  Dr. 
Royston  said  that  he  could  not  give  an  exact  answer  to  the  question  because  the  1991 
protocol  proposed  the  administration  of  transduced  autologous  fibroblasts  in  combination 
with  irradiated  tumor  cells.  The  compassionate  use  IND  submitted  to  the  FDA  proposes 
the  administration  of  transduced  autologous  fibroblasts  and/or  transduced  autologous 
tumor  cells. 

Dr.  Anderson  stated  that  the  Federal  Advisory  Committee  Act,  as  interpreted  in  part  by 
the  NIH  Guidelines , states  that  the  NIH  Director  gives  approval  and  is  required  to  seek 
the  advice  of  the  advisory  committee  (RAC).  Does  the  discussion  of  this  issue  at  this 
meeting  satisfy  this  criterion?  If  the  current  discussion  can  be  interpreted  as  seeking  the 
advice  of  the  RAC , then  the  final  decision  could  be  made  by  the  NIH  Director. 

Mr.  Barton  said  that  he  had  a problem  with  Dr.  Anderson's  interpretation  of  the  NIH 
Guidelines.  The  NIH  Guidelines  clearly  state  that  the  RAC  cannot  approve  any  formal 
action  without  giving  the  appropriate  Federal  Register  notice.  If  there  is  an  individual 
who  has  reason  to  argue  that  the  proposed  experiment  is  particularly  dangerous,  he/she 
would  have  been  deprived  of  the  opportunity  to  try  to  bring  that  issue  to  the  attention  of 
the  RAC.  One  of  the  major  reasons  that  the  RAC  exists  is  to  ensure  that  those 
arguments  can  be  presented  before  any  final  actions  are  taken.  The  NIH  Guidelines 
state  that  the  NIH  Director  will  not  make  a decision  until  she  has  a recommendation 
from  the  RAC.  The  public  is  entitled  to  rely  upon  that  fact.  Technically,  any 
recommendation  made  at  this  meeting  would  not  fulfill  the  requirement  to  seek  the 
advice  of  the  RAC  because  a recommendation  made  by  the  RAC  without  Federal  Register 
notice  is  arguably  no  recommendation  at  all. 

Ms.  Meyers  stated  that  society  is  still  very  afraid  that  gene  therapy  and  recombinant 
DNA  will  cause  the  escape  of  viruses  that  will  create  two-headed  monsters.  Therefore, 
there  is  still  a great  need  to  review  all  proposals  in  a public  forum.  She  noted  that  Dr. 
Royston  has  acknowledged  that  there  is  no  expectation  that  this  protocol  will  provide  any 
therapeutic  benefit  to  the  patient.  Ms.  Meyers  explained  that  there  is  nothing  worse 
than  raising  false  hope  in  a dying  patient.  Ms.  Meyers  asked  Dr.  Royston  why  he  had 
not  submitted  his  request  before  the  required  15  day  Federal  Register  notice.  Dr. 

Royston  said  that  he  was  not  aware  that  this  procedure  was  an  option.  As  a point  of 
clarification.  Dr.  Wivel  stated  that  the  RAC  has  approved  the  adoption  of  a protocol 
submission  plan  that  allows  for  adequate  review  by  the  RAC  members  and  investigator 
responses.  The  RAC  requires  that  protocols  must  be  submitted  8 weeks  in  advance  of  a 
regularly  scheduled  meeting.  Dr.  Post  noted  that  the  letter  to  the  NIH  Director  from 
Senator  Harkin  was  dated  October  8,  1992.  There  was  obviously  sufficient  time  for  the 
investigators  to  submit  this  request  according  the  RAC's  submission  criteria.  Dr. 
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Royston  said  that  he  did  not  have  a written  protocol  at  the  time  Senator  Harkin's  letter 
was  sent  to  the  NIH  Director. 

Dr.  Walters  proposed  a two-part  solution.  First,  the  RAC  will  entertain  single  patient 
protocols  and  is  prepared  to  act  expeditiously  in  the  review  of  such  protocols.  Second, 
the  RAC  will  approve  minor  modifications  to  approved  protocols  in  order  to 
accommodate  a particular  patient.  Dr.  D.  Miller  explained  that  relaxation  of  the 
inclusion/exclusion  criteria  would  allow  Dr.  Royston's  patient  to  be  enrolled  in  the 
approved  glioblastoma  protocol  conducted  by  Dr.  Edward  Oldfield.  Dr.  Royston  said 
that  Dr.  Oldfield's  protocol  has  not  been  approved  by  the  FDA;  therefore,  patients  are 
not  being  accepted  into  the  study.  Dr.  Anderson  said  that  Dr.  Oldfield's  protocol  has 
been  approved  by  the  FDA  Dr.  Royston  said  that  he  would  try  to  convince  his  patient 
to  consider  Dr.  Oldfield's  protocol. 

Dr.  McGarrity  reminded  the  RAC  that  there  are  thousands  of  glioblastoma  patients  in 
the  U.S.  This  disease  is  incurable.  Dr.  Oldfield  and  GTI  have  already  received  over  650 
requests  for  entry  into  this  protocol;  many  of  these  requests  have  been  on  a 
compassionate  use  basis. 

Dr.  Royston  said  that  he  will  follow  any  mechanism  that  the  RAC  adopts;  but  it  has  to 
be  expeditious,  not  on  a 3 month  basis.  Dr.  Murray  explained  that  there  are  many 
individuals  who  do  not  believe  that  gene  therapy  has  reached  a stage  that  it  can  be 
granted  on  a compassionate  use  basis,  especially  when  the  request  comes  from  a 
laboratory  that  has  not  received  protocol  approval. 

Mr.  Barton  stated  that  in  his  view  the  only  option  is  the  submission  of  a protocol  in  the 
current  time  frame  (January  4)  for  review  at  the  March  1-2,  1993,  meeting.  Dr.  Royston 
encouraged  the  RAC  to  establish  a rapid  mechanism  of  review  that  can  accommodate 
the  RAC  and  NIH  Director.  Dr.  Murray  stated  that  it  is  unclear  that  the  RAC  is  ready 
for  establishing  such  a mechanism  nor  is  the  public  ready  for  expedited  review. 

Dr.  Carmen  recommended  that  a working  group  should  be  established  to  propose 
recommendations  with  specific  language  that  could  be  presented  at  the  March  1-2,  1993, 
RAC  meeting.  Dr.  Murray  appointed  Dr.  Walters  to  chair  the  working  group. 

Dr.  Royston  said  that  it  is  his  understanding  that  he  RAC  will  entertain  a single  patient 
protocol  if  submitted  by  January  4,  1993.  He  said  that  he  would  be  happy  to  submit  this 
proposal  by  the  deadline.  However,  he  stated  that  his  expectation  is  that  he  will  submit 
a request  to  initiate  this  treatment  prior  to  the  March  meeting.  He  will  submit  the 
protocol,  and  deal  with  the  government  authorities  as  needed. 
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Dr.  D.  Miller  said  that  he  is  entirely  uncomfortable  proceeding  with  this  protocol.  There 
has  been  no  review  of  efficacy.  There  has  been  no  review  of  the  possible  dangers. 
Although  Dr.  Royston  proposes  to  use  a certified  vector,  nothing  is  known  about  the  cell 
line,  e.g.,  is  replication  competent  retrovirus  being  produced?  Dr.  Royston  stated  that 
there  must  be  a rapid  review  mechanism.  Dr.  D.  Miller  explained  that  there  is  no 
evidence  that  the  proposed  therapy  will  provide  a therapeutic  effect.  Dr.  Royston  said 
that  the  constitutional  rights  of  this  patient  to  receive  the  therapy  that  she  wants  is  the 
real  issue. 

Dr.  Zallen  asked  if  Dr.  Royston's  protocol  has  been  approved  by  his  IRB?  Dr.  Royston 
stated  that  the  new  protocol  has  not  been  approved  by  the  IRB,  and  he  will  be  subject  to 
that  approval. 

XVI.  FUTURE  MEETING  DATE  OF  THE  RECOMBINANT  DNA  ADVISORY  COMMITTEE 
Dr.  Murray  noted  that  the  next  meeting  of  the  RAC  will  be  March  1-2,  1993. 

XVII.  ADJOURNMENT 

Dr.  Murray  adjourned  the  meeting  at  3:17  p.m.  on  December  4,  1992. 


Nelson  A.  Wivel,  M.D. 
Executive  Secretary 


Date:3  " /~  *7-3 


I hereby  acknowledge  that,  to  the  best  of  my 
knowledge,  the  foregoing  Minutes  and  Attach- 
ment are  accurate  and  complete. 


1 


Barbara  E.  Murray,  M.D. 

Chair 

Recombinant  DNA  Advisory  Committee 
National  Institutes  of  Health 
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Crystal,  Ronald  G.,  National  Heart,  Lung,  and  Blood  Institute;  A Phase  I 
Study,  in  Cystic  Fibrosis  Patients,  of  the  Safety,  Toxicity,  and  Biological 
Efficacy  of  a Single  Administration  of  a Replication  Deficient, 

Recombinant  Adenovirus  Carrying  the  cDNA  of  the  Normal  Human  Cystic 
Fibrosis  Transmembrane  Conductance  Regulator  Gene  in  the  Lung. 

Date  of  RAC  Approval:  12-3-92 
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Protocol  for  Gene  Therapy  of  the  Respiratory  Manifestations  of  Cystic 
Fibrosis  Using  a Replication  Deficient,  Recombinant  Adenovirus  to 
Transfer  the  Normal  Human  Cystic  Fibrosis  Transmembrane 
Conductance  Regulator  cDNA  to  the  Airway  Epithelium1 


Document  prepared  for  the  NIH  Recombinant  DNA  Advisory  Committee 


October  7,  1992 


Principal  Investigator:  Ronald  G.  Crystal,  M.D.,  Chief,  Pulmonary  Branch, 
National  Heart,  Lung,  and  Blood  Institute,  Room  6D03 , Building  10,  Phone 
301-496-1597,  FAX  301-496-2363 

Associate  Investigators:  Ari  Jaffe,  M.D. , Senior  Investigator,  Pulmonary 
Branch;  Steve  Brody,  M.D. , Senior  Investigator,  Pulmonary  Branch;  Andrea 
Mastrangeli,  M.D.,  Senior  Investigator,  Pulmonary  Branch;  Noel  G.  McElvaney, 
M.D. , Senior  Investigator,  Pulmonary  Branch;  Melissa  Rosenfeld,  M.D. , Senior 
Investigator,  Pulmonary  Branch;  Chin-Shyan  Chu,  M.D.,  Senior  Investigator, 
Pulmonary  Branch;  Claire  Danel,  M.D. , Special  Volunteer,  Pulmonary  Branch; 
John  Hay,  M.D,  Visiting  Associate,  Pulmonary  Branch;  Tony  Eissa,  M.D.,  Senior 
Staff  Fellow,  Pulmonary  Branch;  Thomas  M.  Horiagon,  M.D.,  Special  Volunteer, 
Pulmonary  Branch. 


1The  protocol  is  also  being  considered  by  the  Food  and  Drug  Administration  as 
an  Investigational  New  Drug  Application  from  the  Pulmonary  Branch,  National 
Heart,  Lung,  and  Blood  Institute,  Ronald  G.  Crystal,  M.D.,  Principal 
Investigator . 
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Precis 


This  protocol  is  an  initial  safety  and  biologic  efficacy  study  to  evaluate  the 
use  of  the  replication  deficient  recombinant  adenovirus  AdCFTR  to  transfer  the 
normal  human  cystic  fibrosis  transmembrane  conductance  regulator  (CFTR)  cDNA 
to  the  respiratory  epithelium  of  adults  with  cystic  fibrosis  (CF) . If 
successful,  this  strategy  has  the  potential  to  form  the  basis  of  therapy  to 
prevent  the  respiratory  manifestations  of  CF,  thus  alleviating  the  major  cause 
of  morbidity  and  mortality  of  this  common  hereditary  disorder.  The  overall 
design  is  that  of  a combined  ascending  dose  toxicity  study  and  biologic 
efficacy  study  with  the  patients  serving  as  their  own  controls.  Following  a 
baseline  evaluation  period  and  a vehicle  control  period,  AdCFTR  will  be 
administered  to  the  left  nostril  and,  one  day  later,  to  the  left  large 
bronchi.  Five  groups  will  be  studied  (n=2  each  group),  with  each  group 
receiving  increasing  amounts  of  AdCFTR.  At  the  completion  of  the  study,  the 
following  questions  will  be  answered:  (1)  Is  it  safe  to  administer  a vector  of 
the  design  of  AdCFTR  to  the  respiratory  epithelium  in  CF? ; (2)  Will  AdCFTR 
correct  the  biologic  abnormalities  of  CF  in  the  respiratory  epithelium?;  (3) 
How  long  does  the  biologic  correction  last?;  (4)  Is  the  correction  sufficient 
to  correct  the  abnormal  electrical  potential  difference  of  the  airway 
epithelial  sheet?;  (5)  Is  there  improvement  in  clinical  parameters  relevant  to 
the  disease  process?;  and  (6)  Does  humoral  immunity  develop  against  AdCFTR 
sufficient  to  prevent  repeated  administrations  in  the  future? 
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1.  Introduction 


This  protocol  represents  an  initial  evaluation  of  the  safety  and  biologic 
efficacy  of  the  administration  of  replication  deficient  recombinant  adeno- 
virus containing  the  human  CFTR  cDNA  to  the  respiratory  epithelium  of 
adults  with  cystic  fibrosis  (CF) . The  protocol  is  divided  into  seven  sec- 
tions and  4 appendices,  as  follows: 

Section  1:  Provides  general  background  regarding  CF,  with  primary 
focus  on  the  pulmonary  manifestations  and  current  therapy  for  the 
disorder,  the  rationale  for  gene  therapy  to  treat  the  respiratory 
manifestations  of  CF,  the  CFTR  gene  and  its  mutations,  the  CFTR  pro- 
tein and  its  functions,  the  molecular  pathogenesis  of  CF,  the  cell 
targets  for  gene  transfer  in  CF,  CFTR  gene  expression  in  the  airway 
epithelium,  pathogenesis  of  the  respiratory  manifestations  of  CF,  and 
the  rationale  for  a recombinant  adenovirus  as  the  vector  of  choice. 

Section  2:  Presents  an  overview  of  the  adenovirus  and  details  of  the 
fabrication,  production,  structure,  formulation  and  quality  control 
parameters  of  the  replication  deficient  recombinant  vector  containing 
the  human  CFTR  cDNA. 

Section  3:  Details  the  in  vitro  and  in  vivo  experimental  evidence 
supporting  the  use  of  a replication  deficient  recombinant  adenovirus 
containing  the  human  CFTR  cDNA  to  treat  the  respiratory  manifestations 
of  CF. 

Section  4:  Summerizes  the  safety  concerns  and  presents  the  in  vitro 
and  in  vivo  safety  studies  in  cotton  rats  and  non-human  primates 
regarding  the  use  of  a replication  deficient  recombinant  adenovirus 
containing  the  human  CFTR  cDNA. 

Section  5:  Presents  the  general  design  of  the  human  protocol,  con- 
straints that  dictate  design  of  the  protocol,  relevant  baseline  safety 
data  from  individuals  with  CF,  criteria  for  patient  eligibility  and 
selection  safety  parameters  to  be  examined,  efficacy  parameters  to  be 
evaluated,  details  of  the  clinical  protocol,  safety  issues  for  health 
care  workers  and  the  environment,  risk-benefit  considerations  for  the 
patient,  plans  for  doing  long  term  patient  follow  up,  clinical  facili- 
ties for  the  study,  privacy  and  confidentiality,  informed  consent,  re- 
porting of  serious  adverse  affects,  and  future  directions. 

Section  6:  Protocol  in  the  NIH  Recombinant  Advisory  Committee  "Points 
to  Consider"  format. 
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1.1  General  Background  Regarding  Cystic  Fibrosis 


Cystic  fibrosis  (CF)  is  a recessive  hereditary  disorder  caused  by  mutations 
of  the  cystic  fibrosis  transmembrane  conductance  regulator  (CFTR)  gene.  It 
is  the  most  common  lethal  hereditary  disorder  in  the  USA  (Boat  et  al., 

1989).  The  disease  is  confined  mostly  to  the  Caucasian  and  hispanic  popu- 
lation, although  blacks  and  asians  can  be  affected  (Boat  et  al . , 1989;  Tsui 
and  Buchwald,  1991) . Parents  of  affected  individuals  have  no  clinical 
manifestations  of  CF.  Males  and  females  are  equally  at  risk.  In  Caucasians, 
1 in  20  are  heterozygotic  carriers  and  the  incidence  is  1 in  every  3000 
live  births.  In  hispanics,  the  incidence  is  1 in  7000  births.  Each  year, 
1,300  people  are  born  in  the  U.S.A.  with  CF.  There  are  an  estimated  25,000 
individuals  in  the  USA  with  CF,  and  approximately  50,000  worldwide  (Cystic 
Fibrosis  Foundation,  Bethesda,  Md. , personal  communication) . 

The  clinical  manifestations  of  CF  are  primarily  in  the  lung,  intestinal 
tract,  pancreas  and  liver  (Boat  et  al.,  1989;  Welsh  and  Fick,  1987).  The 
respiratory  manifestations  dominate,  with  thick  mucus,  chronic  airway 
infections  and  inflammation  beginning  in  early  childhood  and  leading  to 
progressive  loss  of  lung  function.  Intestinal  problems  are  most  common  in 
infants  and  include  meconium  ileus  and  intussusception.  The  exocrine  glands 
of  the  pancreas  are  destroyed  causing  pancreatic  enzyme  deficiency  and 
malnutrition.  Diabetes  can  occur,  as  can  liver  failure. 

There  is  no  cure  for  CF.  The  median  survival  in  the  USA  is  29  years.  Cur- 
rent treatments  only  ameliorate  symptoms . Therapies  involve  administration 
of  antibiotics,  physical  chest  manipulations  for  bronchial  drainage,  physi- 
cal exercise,  oral  pancreatic  enzymes,  vitamins  and  dietary  management. 

Lung  transplantation  has  been  carried  out  in  CF  individuals,  but  the  effi- 
cacy of  this  procedure  is  not  proven,  and  obtaining  suitable  donor  organs 
is  a major  problem  (Starnes  et  al. , 1992). 

The  cost  of  this  disease  is  significant.  Beyond  the  personal  tragedies  for 
the  affected  individuals  and  their  families,  there  are  the  associated  costs 
of  medical  care.  The  average  cost  of  drugs,  diet  supplements  and  medical 
equipment  is  $27,500  annually  per  patient.  One  to  two  hospital  admissions 
per  year  are  necessary  for  38%  of  CF  individuals.  There  are  significant  re- 
sources in  the  USA  directed  toward  developing  therapies  for  CF.  In  1991, 

NIH  directed  $46.9  million  to  CF  research  and  the  National  Cystic  Fibrosis 
Foundation  directed  $24  million  (Cystic  Fibrosis  Foundation,  personal 
communication).  In  addition,  approximately  $30  million  was  spent  by  the 
pharmaceutical  industry  in  trials  directed  toward  therapy  for  CF  (Cystic 
Fibrosis  Foundation,  1991  statistics,  personal  communication). 

1.2  Pulmonary  Manifestations  of  Cystic  Fibrosis 

Inherent  in  the  concept  that  the  morbidity  and  mortality  associated  with  CF 
might  be  reversed  by  transferring  genes  to  epithelial  cells  of  the  lung  is 
the  knowledge  that  the  clinical  manifestations  of  CF  are  dominated  by 
abnormalities  manifest  on  the  epithelial  surface  of  the  airways  (Elborn  and 
Shale,  1990).  In  this  regard,  while  CF  is  also  characterized  by  exor.rins 
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pancreatic  insufficiency  and  high  concentrations  of  sodium  chloride  in 
sweat,  the  pulmonary  manifestations  are,  by  far,  the  most  common  life 
threatening  aspects  of  the  disease.  The  earliest  observed  morphologic 
lesions  are  mucous  obstruction  of  small  airways  and  inflammation  of  the 
bronchiolar  walls  (Bedrossian  et  al.,  1976).  Bronchoalveolar  lavage  studies 
demonstrate  neutrophil -dominated  inflammation  in  airway  epithelial  lining 
fluid  of  infants  with  CF  as  early  as  age  1 (Birrer  et  al . , submitted  for 
publication).  As  the  disease  progresses,  there  is  inflammation  of  large  and 
small  airways,  hypertrophy  of  submucosal  glands,  and  a general  increase  in 
the  numbers  of  secretory  cells.  There  is  obstruction  of  airways  with  mu- 
cous. Chronic  infection  of  the  airways  develops,  with  accompanying  acute 
and  chronic  inflammation.  With  increasing  cycles  of  mucous  obstruction, 
infection  and  inflammation,  the  airways  become  damaged,  culminating  in 
bronchiectasis.  Although  the  disease  is  primarily  based  in  the  airways,  the 
mucus  obstruction,  inflammation  and  infection  commonly  extends  to  the  peri- 
bronchiolar alveolar  structures,  causing  fibrosis  and  alveolar  destruction. 
In  the  late  stages  of  the  disease,  the  lung  is  markedly  deranged  with 
dilated  and  sometimes  stenosed  airways,  emphysema,  and  peribronchiolar  and 
interstitial  alveolar  inflammation  and  fibrosis  (Bedrossian  et  al.,  1976). 

Infection  plays  a prominent  role  in  the  pathogenesis  of  the  derangements  of 
the  lung  in  CF.  The  infection  is  primarily  endobronchial  and  is  chronic, 
with  acute  exacerbations.  The  most  common  organisms  involved  are  Hemophilus 
influenza . Staphylococcus  aureus . and  Pseudomonas  aeruginosa . The  fact  that 
the  infection  is  confined  to  the  lung  argues  strongly  that  the  host  defense 
problems  permitting  the  infection  are  local  rather  than  systemic  (Elborn 
and  Shale,  1990;  Kulczycki  et  al.,  1978).  The  pathobiologic  processes  per- 
mitting chronic  infection  of  the  airways  are  not  fully  understood,  but  may 
involve  abnormalities  in  the  volume,  physical  properties  and/or  charac- 
teristics of  mucus  in  the  respiratory  tract  (Hubbard  et  al.,  1992).  In 
addition,  the  dysfunctional  and/or  damaged  airway  epithelial  cells  may 
permit  organisms  such  as  P.  aeruginosa  to  adhere  to  the  epithelium,  permit- 
ting chronic  colonization  (Woods  et  al.,  1980). 

Concomitant  with  the  infection  is  chronic  intense  inflammation  of  the  air- 
ways that  is  dominated  by  neutrophils.  Mononuclear  phagocytes  and  lympho- 
cytes play  a lesser  role.  Sputum  and  lavage  fluid  analyses  of  CF  patients 
reveal  large  concentrations  of  inflammatory  mediators,  particularly  neutro- 
phil proteases  (McElvaney  et  al . , 1991  ).  Bacterial  proteases,  including 
Pseudomonas  elastase  are  present,  but  to  a far  lesser  extent  (Doring  et 
al.,  1989).  Concomitant  with  the  response  to  the  infection,  inflammatory 
cells  in  the  local  milieu  are  chronically  releasing  large  amounts  of  oxi- 
dants (Roum  et  al . , 1990).  Together,  the  mediators  released  by  the  inflam- 
matory cells  overwhelm  the  normal  anti-inflammatory  defense  screen  of  the 
epithelial  surface,  and  interfere  with  local  host  defense  processes  in  the 
airways  (McElvaney  et  al . , 1991;  Roum  et  al . , 1990).  The  inflammatory 
mediators  also  exaggerate  epithelial  cell  secretion  (Sommerhoff  et  al . , 
1990) , thus  perpetuating  the  increased  mucus  production  that  characterizes 
the  disease.  Consequent  to  this  chronic,  overwhelming  inflammation,  there 
is  progressive  damage  to  the  epithelium  culminating  in  the  bronchiectasis 
and  other  permanent  derangements  of  the  lung  that  characterize  CF. 
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The  clinical  manifestations  of  CF  reflect  the  progressive  derangements  to 
the  airways  (Boat  et  al.,  1989).  Early  in  the  disease  there  is  cough, 
together  with  respiratory  tract  infection.  The  sputum  becomes  thick  and 
purulent.  There  is  a long  period  of  chronic  bronchitis  with  acute  exacerba- 
tions. Eventually,  the  permanent  derangements  of  the  respiratory  tract 
cause  symptoms  of  shortness  of  breath.  The  cycles  of  chronic  and  acute 
infection  eventually  culminate  in  limitation  of  activity,  weight  loss,  and 
end-stage  lung  disease  with  hypoxemia,  pulmonary  hypertension,  cor  pulmona- 
le and  death  (Boat  et  al.,  1989;  Shwachman  and  Kulczycki,  1958).  Even  with 
aggressive  treatment  to  control  infection,  clear  the  airways  of  secretions, 
and  improve  nutrition,  the  1991  survival  data  for  CF  in  the  USA  demon- 
strates that  only  50%  survive  beyond  the  age  of  29  (Patient  registry  data, 
Cystic  Fibrosis  Foundation) . 


1.3  Current  Therapy  for  the  Respiratory  Manifestations  of  Cystic  Fibrosis 

Current  therapy  for  the  lung  disease  in  cystic  fibrosis  requires  a multi- 
disciplinary approach  of  outpatient  and  inpatient  care.  Outpatient  therapy 
includes  frequent  postural  drainage  and  chest  percussion,  administration  of 
antibiotics,  and  bronchodilators . While  these  therapies  are  used  by  most 
clinicians  caring  for  patients  with  CF,  the  therapy  often  varies  in  differ- 
ent centers.  For  example,  while  most  clinicians  agree  regarding  the  bene- 
fits of  postural  drainage  and  chest  percussion,  some  advocate  it  for  all 
patients  while  others  reserve  it  for  those  with  copious  sputum  production. 
Likewise,  some  centers  advocate  continuous  antibiotic  therapy  while  others 
reserve  antibiotics  for  documented  infections.  Bronchodilator  therapy  may 
give  symptomatic  relief  to  many  individuals  with  CF  but  the  response  is  not 
universal.  Use  of  other  therapeutic  strategies  such  as  mucolytics , expec- 
torants and  chronic  corticosteroids  or  other  anti-inflammatory  agents 
remain  unproven.  Early  vaccination  for  measles  and  pertussis  is  important 
and  yearly  influenza  vaccination  is  advocated. 

Inpatient  therapy  is  necessary  when  there  are  exacerbations  of  pulmonary 
infections  or  complications  of  CF  lung  disease  such  as  hemoptysis,  pneumo- 
thorax, respiratory  failure,  pulmonary  hypertension,  and  cor  pulmonale.  For 
acute  infections  requiring  hospitalization,  empiric  antibiotic  therapy  is 
necessary  at  first  but  is  then  based  on  culture  and  sensitivity  results 
from  respiratory  secretions . Patients  with  acute  infections  are  also  given 
increased  postural  drainage  and  chest  percussion,  bronchodilator  therapy, 
and  occasionally  corticosteroids.  The  treatment  of  the  lung  complications 
of  cystic  fibrosis  does  not  differ  from  the  treatment  of  other  chronic  lung 
disease  states. 

1.4  New  Therapies  Being  Evaluated  for  the  Respiratory  Manifestations  of 
Cystic  Fibrosis 

New  strategies  to  treat  cystic  fibrosis  include  aerosol  therapy  with  recom- 
binant human  DNase  (to  cleave  DNA  in  purulent  respiratory  secretory,  thus 
helping  to  clear  the  airways  of  the  thick,  infected  mucus),  aerosolized 
plasma  al- antitrypsin  or  recombinant  human  secretory  leukoprotease  inhibi- 
tor (to  inhibit  neutrophil  elastase  on  the  respiratory  epithelial  surface, 
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thus  protecting  the  epithelium  from  the  damaging  effects  of  neutrophil 
elastase) , aerosolized  reduced  glutathione  (to  augment  the  antioxidant 
protective  screen  of  the  airway  to  protect  the  epithelium  from  the  inflam- 
matory cell  derived  oxidant  burden)  and  aerosolized  amiloride  (to  rees- 
tablish the  ionic  milieu  of  the  epithelial  surface)  (Hubbard  et  al.,1992; 
McElvaney  et  al.,1991;  McElvaney  et  al. , 1992;  Knowles  et  al . , 1990;  Roum, 
J.  and  Crystal,  R.G.  unpublished  observations).  Although  there  are  encour- 
aging results  from  all  of  these  agents,  all  have  been  evaluated  only  in 
phase  I or  II  studies,  and  none  attack  the  primary  abnormality  in  the 
disease.  Lung  transplantation,  including  heart-lung,  double  lung  and  single 
lung  procedures  has  been  carried  out  in  312  individuals  with  CF  (worldwide 
through  1991).  The  three  year  survival  rate  in  this  cohort  is  52%.  The 
average  cost  of  these  procedures  is  $150,000-200,000,  with  an  estimated 
cost  of  $28, 000/year  for  follow  up  treatment.  Finding  suitable  donors  is  a 
major  problem,  with  typical  waiting  periods  of  9 to  12  months. 


1.5  Rationale  for  Gene  Therapy  to  Treat  the  Respiratory  Manifestations  of 
Cystic  Fibrosis 

The  identification  of  the  CFTR  gene  in  1989  (Kerem  et  al . , 1989;  Riordan  et 
al.,  1989;  Rommens  et  al.,  1989)  opened  the  door  to  strategizing  therapies 
for  CF  in  which  the  normal  gene  would  be  transferred  to  somatic  cells  of 
individuals  with  CF,  thus  reversing  the  biologic  abnormalities  consequent 
to  mutations  of  the  two  parental  CFTR  genes.  Because  the  respiratory  mani- 
festations of  CF  dominate  the  clinical  picture,  it  is  the  most  rational 
target  for  gene  therapy  for  this  disorder.  The  concept  that  the  respiratory 
manifestations  of  CF  are  a good  candidate  for  gene  therapy  is  based  on 
several  facts.  First,  the  respiratory  disease  is  confined  to  the  epithelium 
of  the  airways.  In  vitro  studies  have  demonstrated  that  the  CFTR  protein  is 
a Cl“  channel  that  modulates  the  secretion  of  Cl-  in  response  to  elevations 
of  intracellular  cAMP  (Anderson  et  al.,  1991a;  Anderson  et  al.,  1991b;  Bear 
et  al. , 1992;  Drumm  et  al . , 1990;  Rich  et  al . , 1990).  Mutations  of  the  CFTR 
gene  render  epithelial  cells  unable  to  modulate  Cl-  permeability  through 
the  cAMP  pathway  (Frizzell  et  al.,  1986;  Hwang  et  al . , 1989;  Li  et  al., 
1988;  Li  et  al.,  1989).  It  is  this  biologic  abnormality  that  is  believed  to 
cause  the  respiratory  manifestations  of  the  disease  (Collins,  1992;  Welsh 
et  al. , 1992;  Welsh  and  Fick,  1987).  Second,  in  vitro  studies  have  shown 
that  transfer  of  the  normal  CFTR  cDNA  to  epithelial  cell  lines  derived  from 
individuals  with  CF  can  override  this  abnormality  and  permit  the  cells  to 
secrete  Cl-  in  response  to  increased  intracellular  cAMP  (Drumm  et  al . , 

1990;  Rich  et  al.,  1990).  Finally,  the  lethal  consequences  of  mutations  of 
the  gene  occur  almost  exclusively  in  the  lung  (Welsh  and  Fick,  1987) . 
Together,  these  concepts  suggest  the  feasibility  of  somatic  gene  therapy 
for  CF,  i.e.,  it  should  be  possible  to  correct  the  pulmonary  manifestations 
caused  by  mutations  of  the  CFTR  gene  by  directly  transferring  a normal  CFTR 
cDNA  to  airway  epithelial  cells. 

The  architecture  of  the  airways  demands  that  if  gene  therapy  for  the  respi- 
ratory manifestations  of  CF  is  to  be  successful,  the  transfer  of  the  normal 
CFTR  cDNA  to  the  airway  epithelium  will  have  to  be  carried  out  in  vivo  via 
the  air  side  of  the  epithelium.  On  clinical  and  technical  grounds  it  is  not 
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possible  to  use  ex  vivo  strategies  to  remove  the  epithelium,  insert  the 
normal  cDNA  and  replace  the  existing  epithelium.  The  adult  human  airways 
have  a surface  area  of  1-2  m2.  There  are  at  least  6 major  epithelial  cell 
types,  with  the  majority  of  the  cells  terminally  differentiated.  Human 
airway  epithelial  cells  can  be  cultured,  but  the  methods  are  primitive,  the 
differentiated  state  of  the  cells  is  not  necessarily  the  same  as  that  in 
vivo . the  growth  factors  are  not  known,  the  normal  cell  ontogeny  is  not 
clearly  defined,  nor  is  the  airway  epithelial  stem  cell  population  (Rennard 
et  al.,  1991).  Most  importantly,  the  dichotomous  branching  nature  of  the 
airways  precludes  any  strategies  to  remove  the  epithelium  and/or  introduce 
corrected  autologous  airway  epithelial  cells.  Together,  these  facts  argue 
strongly  for  an  in  vivo  approach  to  gene  therapy.  The  anatomy  dictates  that 
this  is  feasible  only  through  the  air  side  of  the  epithelium.  Unlike  the 
lower  respiratory  tract  which  gets  its  blood  supply  from  the  pulmonary 
capillaries,  the  airways  are  supplied  by  the  bronchial  circulation,  an 
arterial  system  comprised  of  multiple  branches  derived  from  the  aorta 
(Deffebach  and  Widdicombe , 1991).  Although  it  is  feasible  to  place  cathe- 
ters into  the  bronchial  circulation,  their  multiplicity  and  variability 
make  this  approach  very  cumbersome.  Further,  even  if  the  transfer  vector 
could  be  delivered  to  the  airways  via  the  bronchial  circulation,  the  cDNA 
would  have  to  cross  the  endothelium,  the  endothelial  basement  membrane,  the 
interstitial  space,  and  the  epithelial  basement  membrane  before  entering 
the  basolateral  surface  of  the  epithelium,  a very  unlikely  possibility. 


1.6  Cystic  Fibrosis  Transmembrane  Conductance  Regulator  (CFTR)  Gene 
and  Mutations 

The  gene  responsible  for  CF,  the  CFTR  gene,  is  a 27  exon  gene  spanning  over 
250  kb  on  the  long  arm  of  human  chromosome  7 at  q31-q32  (Riordan  et  al., 
1989;  Rommens  et  al. , 1989;  Zielenski  et  al.,  1991).  The  encoded  mRNA  is 
about  6500  nucleotides  in  length.  The  sizes  of  the  27  exons  vary  widely, 
with  exon  14b  the  smallest  (38  bp)  and  exon  13  the  largest  (724  bp)  (Figure 
1.6 -A).  Sequence  analysis  of  approximately  10%  of  the  entire  CFTR  gene  has 
shown  that  all  intron/exon  junction  sequences  obey  the  GT-AG  consensus 
rule.  The  gene  includes  a number  of  repetitive  elements  in  introns , includ- 
ing 5 Alu  repeats  and  1 Kpn  repeat  and  several  simple  repeats  (microsatel- 
lites) , such  as  (GT)17,  (GT)12,  (GATT)7,  and  (TA)U. 

The  structure  of  the  putative  CFTR  gene  product  is  a 1480  residue  glycopro- 
tein. There  is  (N-  to  C-terminal)  a membrane -spanning  domain  with  six  mem- 
brane-spanning segments,  a nucleotide  (ATP) -binding  fold  (NBF) , a large 
polar  R (regulatory)  domain  which  contains  multiple  potential  phosphoryla- 
tion sites,  a second  similar  membrane -spanning  domain  and  a second  NBF 
(Figures  1.6-A,  1.6-B)  (Riordan  et  al. , 1989). 

Approximately  220  sequence  variations  of  the  CFTR  gene  have  been  identi- 
fied, of  which  about  170  are  associated  with  the  clinical  manifestations  of 
CF.  The  mutations  include  missense  mutations,  nonsense  mutations,  frame - 
shift  mutations,  splicing  mutations,  and  small  deletions  and  insertions 
(Collins,  1992).  Most  of  these  mutations  are  scattered  throughout  the 
coding  region  of  the  gene.  Many  different  mutations  have  been  found  at  the 
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Figure  1.6-A.  The  cystic  fibrosis  transmembrane  conductance  regulator 
(CFTR)  gene,  mRNA  and  predicted  protein  product.  The  CFTR  gene  is  comprised 
of  27  exons  (denoted  1-5,  6a,  6b,  7-13,  14a,  14b,  15-16,  17a,  17b,  18-24) 
spread  out  over  250  kb  of  chromosome  7.  The  mRNA  is  6.5  kb,  including  4.5 
kb  of  coding  exons  and  a 2 kb  untranslated  3'  tail  (not  shown) . The  pre- 
dicted CFTR  protein  has  5 major  domains  as  indicated  (see  Figure  1.6-B  for 
details  concerning  the  structure  and  function  of  the  CFTR  protein) . Also 
indicated  is  the  location  in  exon  10  of  the  common  AF508  mutation  (see 
text,  section  1.6). 
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CYSTIC  FIBROSIS  TRANSMEMBRANE  CONDUCTANCE 

REGULATOR  GENE 
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Figure  1.6-B.  Structure  and  function  of  the  cystic  fibrosis  transmembrane 
conductance  regulator  (CFTR)  protein.  The  predicted  structure  is  that  of  a 
membrane  bound  single  chain  polypeptide  with  (N-  to  C-terminal):  an  N- 
terminal  intracytoplasmic  portion,  a membrane  spanning  domain  (comprised  of 
6 individual  membrane  spanning  segments) , nucleotide  binding  fold  1 (NBF1) , 
a regulatory  (R)  region,  a second  membrane  spanning  domain  (similar  to  the 
first),  nucleotide  binding  fold  2 (NBF2) , and  a C-terminal  intracytoplasmic 
tail.  Data  from  a variety  of  sources  have  demonstrated  the  CFTR  protein 
functions  as  a Cl-  channel  responsive  to  increased  levels  of  cAMP.  Activa- 
tion of  the  channel  requires  binding  of  ATP  to  NBF1  and  NBF2 , and  cAMP 
activation  of  protein  kinase  A (PKA)  to  phosphorylate  residues  in  the  R 
domain. 
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Figure  1.6-B 
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highly  conserved  region  of  the  first  NBF  (Collins,  1992),  suggesting  that 
the  first  NBF  is  important  to  CFTR  function.  The  most  common  mutation  is 
AF508,  a deletion  of  3 nucleotides  resulting  in  loss  of  phenylalanine  at 
residue  508,  a region  coded  by  sequences  in  exon  10  in  NBF1.  AF508  accounts 
for  60  to  70X  of  the  CF  mutant  alleles  (Kerem  et  al . , 1990).  G551D,  S549I, 
A455E,  and  G542X  account  for  10-20X  of  the  non-delta  F508  mutations  (Kerem 
et  al. , 1990).  Most  other  mutant  alleles  are  rare,  with  some  represented  by 
only  a single  example. 

Studies  of  correlations  between  specific  mutations  and  severity  of  disease 
have  shown  some  variation  in  severity  even  in  individuals  with  the  same 
genotype.  For  example,  the  severity  of  the  respiratory  disease  in  AF508 
homozygotes  can  be  variable  although  most  of  these  individuals  have  rela- 
tively severe  pancreatic  insufficiency  (Kerem  et  al.,  1990).  Frameshift, 
nonsense,  and  splicing  mutations  have  been  found  in  compound  heterozygotes 
[e.g.,  G542X/S1255X  or  R553X/W1316X] . Interestingly,  despite  the  fact  that 
these  individuals  cannot  produce  CFTR,  they  only  have  mild  pulmonary  dis- 
ease, suggesting  that  the  absence  of  CFTR  is  not  incompatible  with  life 
(Cutting  et  al. , 1990;  Hamosh  et  al. , 1991). 

1.7  CFTR  Protein  and  Its  Function 

The  CFTR  protein  predicted  from  the  CFTR  gene  is  a 1480  single  chain 
glycosylated  polypeptide  (Figure  1.6-A,  1.6-B).  Although  the  R-domain  is 
unique  to  CFTR,  the  two  membrane  spanning  domains  and  the  two  nucleotide - 
binding  folds  that  bind  and  cleave  ATP  are  also  features  of  proteins  in  the 
traffic  ATPase/ABC  transporter  super  family  that  includes  prokaryotic 
periplasmic  permeases,  the  STE6  yeast  mating  factor,  and  the  P-glycoprotein 
multidrug  resistance  protein  (Hyde  et  al.,  1990).  There  are  two  predicted 
carbohydrate  side  chains,  both  in  an  external  loop  of  the  C- terminal  mem- 
brane spanning  domain. 

Localization  of  the  CFTR  protein  has  been  difficult  because  many  of  the 
antibodies  generated  against  predicted  peptides  cross  react  with  uniden- 
tified cellular  components.  It  is  generally  accepted,  however,  that  the 
protein  is  present  in  epithelial  tissues  and  that  it  is  present  in  cell 
membranes  (Cheng  et  al.,  1990;  Crawford  et  al.  1991;  Denning  et  al.,  1992; 
Marino  et  al . , 1991;  Sarkadi  et  al . , 1992).  CFTR  has  been  localized  to  the 
apical  membranes  of  pancreatic  ducts,  intestinal  epithelia,  sweat  ducts, 
and  airway  epithelia.  There  is  indirect  functional  data  suggesting  CFTR  may 
also  be  localized  to  organelle  membranes,  including  the  Golgi  apparatus 
(Barasch  et  al.,  1991). 

There  is  convincing  evidence  that  CFTR  can  function  as  a cAMP  regulatable 
Cl-  channel  (Bear  et  al. , 1992).  There  is  also  evidence  that  CFTR  may  have 
other  functions,  such  as  recycling  of  vesicles  (Bradbury  et  al.,  1992).  The 
regulation  of  CFTR  as  a Cl-  channel  is  not  completely  defined,  but  it 
requires  phosphorylation  of  the  R-domain  mediated  by  cAMP  activation  of 
protein  kinase  A (Cheng  et  al . , 1991;  Picciotto  et  al.,  1992). 

1.8  Molecular  Pathogenesis  of  Cystic  Fibrosis 
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In  normal  cells  expressing  the  CFTR  gene,  the  CFTR  protein  is  produced  as 
an  unglycosylated  polypeptide  that  subsequently  undergoes  core 
glycosylation  in  the  rough  endoplasmic  reticulum,  translocation  to  the 
Golgi,  modification  of  the  carbohydrate  side  chains  to  their  mature  form, 
and  final  transfer  to  the  apical  membrane  (Cheng  et  al.,  1990).  In  the 
common  aF508  mutation,  there  is  a deletion  of  Phe506  in  the  first  NBF.  For 
unknown  reasons,  glycosylation  of  this  protein  is  incomplete,  and  normal 
translocation  to  the  apical  membrane  does  not  occur  (Cheng  et  al.,  1990). 
Cells  homozygous  for  the  aF508  mutation  do  not  store  the  mutated  form  of 
CFTR,  and  it  is  likely  degraded  (Cheng  et  al. , 1990).  Other  CFTR  mutations 
such  as  aI507  and  S549I  have  a similar  pattern  of  incomplete  glycosylation, 
but  other  mutations  of  CFTR  code  for  a CFTR  protein  glycosylated  in  a 
normal  fashion  (Cheng  et  al.,  1990;  Gregory  et  al.,  1991). 

For  the  common  aF508  mutation,  the  central  abnormality  appears  to  be  the 
lack  of  translocation  of  the  mutant  protein,  since  delivery  of  the  aF508 
protein  to  the  surface  of  the  cell  conveys  to  the  cell  the  ability  to 
secrete  Cl-  in  response  to  cAMP,  although  the  aF508  Cl"  channels  have 
somewhat  reduced  activity  compared  to  normal  (Dalemens  et  al.,  1991;  Drumm 
et  al. , 1991) . 

There  is  evolving  evidence  that  CFTR  may  also  function  within  intracyto- 
plasmic  organelles  (Barasch  et  al. , 1991;  Van  Dyke  et  al. , 1992).  One 
consequence  of  a lack  of  CFTR  function  at  these  sites  may  be  a higher  pH 
within  the  organelle,  causing  dysfunction  of  intraorganelle  components  such 
as  enzymes  that  modify  carbohydrate  side  chains  of  proteins  such  as  mucins 
(Barasch  et  al.,  1991). 

1.9  Cell  Targets  for  Gene  Transfer  in  CF 

The  central  purpose  of  this  protocol  is  to  transfer  the  normal  CFTR  cDNA  in 
vivo  to  the  airway  epithelial  cells  of  individuals  with  CF.  Before  con- 
sidering how  the  gene  will  be  transferred,  it  is  important  to  consider 
which  cells  should  be  the  targets  for  the  gene  transfer.  While  all  evidence 
suggests  the  abnormal  CFTR  gene  is  expressed  in  airway  epithelial  cells,  it 
is  not  known  specifically  which  airway  epithelial  cells  play  a critical 
role  in  the  pathogenesis  of  the  disease  i.e.,  it  may  be  a subset  of  cells 
or  it  may  be  all  airway  epithelial  cells.  Since  the  ultimate  goal  is  gene 
therapy  to  compensate  for  the  underlying  genetic  abnormality  of  CF,  it  is 
important  to  define  the  current  concepts  of  the  biology  of  airway  epitheli- 
al cells.  All  evidence  suggests  that  the  alveolar  epithelium  is  not  a 
primary  site  of  the  clinical  manifestations  of  mutations  of  the  CFTR  gene, 
and  thus  the  following  discussion  focuses  only  on  airway  epithelium. 

1.9.1  General  Airway  Morphology 

The  airways  of  the  normal  human  lung  begin  at  the  trachea  and  end  in  the 
alveoli,  the  site  of  gas  exchange  (see  Wiebel,  1991  for  general  review). 

The  total  surface  area  in  the  human  lung  is  approximately  140  m2.  Most  of 
this  surface  is  in  the  alveoli,  with  the  airway  surface  representing  ap- 
proximately 1-2%  of  the  total  (E.  Weibel,  personal  communication).  The 
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tracheobronchial  tree  is  comprised  of  an  average  of  23  generations  of 
dichotomous  branching  tubes,  ending  in  the  alveoli  (see  Weibel,  1991  for 
review)  (Figures  1.9.1-A,  1.9.1-B).  The  region  from  the  trachea  to  about 
the  16th  generation  is  referred  to  as  the  "conducting  zone" , structures 
that  serve  to  conduct  air  from  the  external  environment  to  the  gas  exchang- 
ing regions.  The  airways  in  this  region  are  referred  to  as  "bronchi".  By 
the  16th  generation,  there  are  approximately  66,000  bronchi.  From  the  17th 
through  the  20th  generations  are  the  "bronchioles",  the  smallest  airways. 
From  the  17th  generation  ending  in  the  alveoli  is  referred  to  as  the  "tran- 
sition" and  "respiratory"  zones,  the  latter  being  the  actual  site  of  gas 
exchange.  By  the  20th  generation,  there  are  106  airways  and  by  the  23rd 
generation,  3xl08  alveoli. 

The  walls  of  bronchi  consist  of  three  concentric  tubes  (Figures  1.9.1-C, 
1.9.1-D):  (1)  a mucosa  comprised  of  an  epithelial  cell  layer  resting  on  a 
basement  membrane;  (2)  a sleeve  of  smooth  muscle  cells;  and  (3)  an  outer 
tube  of  connective  tissue  matrix  that  includes  islands  of  cartilage  and 
submucosal  glands  that  open  onto  the  epithelial  surface.  The  epithelial 
layer  is  columnar  and  pseudostratif ied;  all  components  abut  the  underlying 
basement  membrane.  On  the  average,  the  bronchial  epithelium  is  about  20  /xm 
thick.  The  entire  mass  of  a large  bronchus  is  about  60  /xm  in  thickness.  The 
submucosal  glands  are  in  highest  concentration  in  the  trachea,  where  there 
is  approximately  one  gland  per  mm2  of  epithelial  surface  area.  The  number 
of  glands  becomes  sparser  toward  the  periphery,  and  are  absent  in  the 
bronchioles.  In  cross  section,  the  submucosal  glands  are  about  200  /xm  in 
width.  From  the  opening  of  a submucosal  gland  on  the  epithelial  surface, 
the  gland  continues  into  a 250-500  /xm  collecting  duct  lined  by  columnar 
epithelium  (Figure  1.9.1-C).  Up  to  13  tubules  arise  from  the  collecting 
duct;  these  tubules  branch  extensively  and  are  closely  intertwined.  The 
entire  submucosal  gland  is  internal  to  a basement  membrane  that  is  continu- 
ous with  the  basement  membrane  of  the  airway  epithelial  cell  layer. 

The  walls  of  the  bronchioles  are  composed  of  the  same  three  concentric 
tubes  as  the  bronchi,  but  with  some  differences  (Figure  1.9.1-D):  (1)  a 

mucosa  composed  of  an  epithelial  cell  layer  resting  on  a basement  membrane; 
(2)  a thin  sleeve  of  smooth  muscle  cells;  and  (3)  a delicate  tube  of  con- 
nective tissue  matrix,  but  without  cartilage  or  submucosal  glands.  Like  the 
bronchial  epithelium,  the  epithelium  of  the  bronchioles  are  1 cell  thick. 
The  cells  are  columnar,  but  less  so  than  in  the  bronchi. 

The  blood  supply  to  the  airways  is  primarily  from  the  bronchial  arteries, 
derived  from  the  aorta  and  intercostal  arteries.  The  bronchioles  also 
derive  some  blood  from  the  pulmonary  artery.  Except  for  a few  bronchial 
veins  in  the  hilar  region,  the  bronchial  circulation  drains  into  the  pulmo- 
nary veins.  Together,  the  anatomic  features  of  the  blood  supply  to  the 
airways  make  it  very  difficult  to  strategize  a means  to  target  vectors  for 
gene  transfer  directly  to  the  bronchial  and  bronchiolar  epithelium  by  means 
of  the  circulation. 
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Human  Tracheobronchial  Tree 


Figure  1.9.1-A.  Schematic  of  the  normal  human  tracheobronchial  tree.  Shown 
are  the  airways  branching  in  a dichotomous  fashion  from  the  trachea  down- 
ward. 
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Branching  in  the  Human  Lung 


Number  Generation  Region 


Figure  1.9.1-B.  Branching  in  the  normal  human  lung.  The  conducting  zone 
represents  the  region  from  the  trachea  through  generation  16.  The  bronchi 
start  at  generation  1 and  go  through  generation  16  while  the  bronchioles 
start  at  generation  17  and  go  through  generation  20.  By  the  end  of  the 
conduction  zone  there  are  approximately  1,000,000  bronchioles. 
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Figure  1.9.1-C.  Schematic  of  the  anatomy  of  the  normal  bronchial  tree  with 
a cut-away  view  of  the  epithelium  and  submucosal  bronchial  glands.  Further, 
details  for  the  epithelium  of  the  bronchi,  submucosal  glands,  and 
bronchioles  are  described  in  Figures  1.9.1-D,  1.9.2-A,  1.9.2-B.  After 
generation  20  the  respiratory  bronchioles  open  into  the  alveoli,  the  air 
exchanging  region  of  the  lung.  For  illustration  purposes,  a number  of 
branches  between  the  large  airways  and  bronchioles  are  not  shown. 
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Bronchus 


Figure  1.9.1-D.  Schematic  demonstrating  the  architecture  of  the  walls  of 
bronchi  and  bronchioles.  Top . Cross-sectional  view  of  a bronchus.  It  is 
comprised  of  three  concentric  tubes  including  an  inner  epithelial  layer 
resting  on  a basement  membrane,  a middle  sheath  of  smooth  muscle  cells  and 
outer  layer  of  connective  tissue,  islands  of  cartilage,  and  submucosal 
glands  that  are  contiguous  with  the  airway  epithelium.  Bottom.  Cross-sec- 
tional view  of  the  walls  of  a bronchiole.  It  is  also  composed  of  three 
concentric  tubes  but  the  outer  layer  contains  no  cartilage  and  no  submuco- 
sal glands . 
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1.9.2  Normal  Airway  Epithelium 

Together,  the  epithelium  of  the  bronchi,  submucosal  glands,  and  bronchioles 
is  comprised  of  6 major  cell  types:  ciliated  cells,  goblet  cells,  serous 
cells,  undifferentiated  columnar  cells,  basal  cells,  and  Clara  cells  (Fig- 
ures 1.9.2-A,  1.9.2-B;  see  Breeze  and  Wheeldon,  1977;  Basbaum  and 
Finbeiner,  1989;  Massaro,  1989  for  general  reviews).  Although  some  investi- 
gators describe  the  goblet  and  serous  cells  in  the  submucosal  glands  sepa- 
rately from  their  counterparts  in  the  epithelial  cell  layer  on  the  air 
surface,  as  there  is  no  evidence  they  are  clearly  different  or  play  a 
different  role  in  CF,  they  will  be  considered  together.  Also,  airway  epi- 
thelium includes  a number  of  minor  cell  types  (minor  in  number,  not  neces- 
sarily in  relevance  to  airway  function)  such  as  "K  cells"  (neuroepithelial 
cells),  brush  cells,  and  mast  cells;  however,  as  there  is  no  evidence  these 
cells  play  a primary  role  in  the  pathogenesis  of  CF,  they  will  be  ignored 
for  this  review. 

Ciliated  cells  - these  columnar  cells  are  found  throughout  the  airways.  In 
the  bronchial  epithelium  there  are  approximately  5 times  more  ciliated 
cells  than  any  other  cell  type.  Ciliated  cells  form  the  lining  of  the 
opening  of  the  collecting  ducts  of  the  submucosal  glands.  In  the 
bronchioles  the  ciliated  cells  also  dominate  in  numbers,  but  less  so  than 
in  the  upper  airways.  The  cytoplasm  of  ciliated  cells  is  relatively  sparse, 
but  rough  endoplasmic  reticulum  (RER)  and  Golgi  apparatus  are  present.  On 
their  apical  surface,  each  cell  contains  approximately  250  cilia,  each  6 /ttm 
x 0.3  nm.  The  cilia  beat  in  a coordinated  fashion  toward  the  pharynx  at 
about  12-20  Hz. 

Goblet  cells  - also  referred  to  as  "mucus  cells",  these  columnar  cells  are 
called  "goblet"  cells  because  they  are  shaped  like  wine  glass  in  longitudi- 
nal section.  Goblet  cells  are  present  in  the  bronchial  epithelium  and  the 
submucosal  glands.  In  normal  bronchi,  there  are  approximately  6.8  x 103 
goblet  cells/mm2.  Toward  the  peripheral  airways,  their  numbers  progressive- 
ly decrease,  and  they  are  absent  in  the  bronchioles.  Goblet  cells  are 
characterized  by  a cytoplasm  dense  in  mucus  granules  and  extensive  RER  and 
Golgi.  The  mucus  granules  coalesce  toward  the  apical  surface  and  are  se- 
creted through  pits  or  pores  on  the  surface.  When  discharged  from  the 
surface,  the  granules  often  retain  an  intact  limiting  membrane,  although 
they  are  also  discharged  as  confluent  clumps. 

Serous  cells  - these  columnar  cells  are  common  in  the  submucosal  glands, 
but  are  also  present  in  the  surface  epithelium  of  the  bronchi,  although  to 
a lesser  extent  than  goblet  cells . The  cytoplasm  contains  a variable  number 
of  secretory  granules.  The  serous  cells  have  a small  number  of  surface 
microvilli.  The  contents  of  the  secretory  granules  are  discharged  as  drop- 
lets that  individually  fuse  with  the  surface. 

Undifferentiated  columnar  cells  - these  are  columnar  cells  of  similar 
dimensions  to  ciliated  cells.  The  cytoplasm  is  relatively  sparse  and,  as 
the  name  suggests,  the  cell  has  no  special  features.  These  cells  are  found 
in  bronchi,  glands,  and  bronchioles.  In  bronchi,  these  cells  represent 
approximately  12%  of  the  airway  epithelial  cells  (Breeze  and  Wheeldon, 
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Figure  1.9.2-A.  Major  cell  types  of  the  bronchial  wall.  The  epithelium  is 
pseudos tratif ied , with  all  cells  resting  on  the  basement  membrane.  The 
major  cell  types  include  ciliated  cells,  goblet  cells,  serous  cells,  undif- 
ferentiated columnar  cells,  and  basal  cells.  The  branched  tubular  struc- 
tures comprising  the  submucosal  glands  are  lined  with  serous  and  goblet 
cells.  The  basement  of  the  airway  epithelium  glands  is  contiguous  with  that 
of  the  airway  epithelium.  Mucus  is  produced  by  the  goblet  and  serous  cells 
on  the  airway  epithelial  surface  and  in  the  mucus  glands.  Typically,  the 
lumen  of  the  submucosal  glands  are  filled  with  mucus.  Above  the  airway 
epithelium,  the  airway  epithelial  lining  layer  consists  of  a lower  phase  of 
pericellular  fluid  and  upper  phase  of  mucus.  In  the  normal  lung,  the  mucus 
layer  is  discontinuous,  forming  "islands"  resting  on  the  airway  surface. 
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Figure  1.9.2-B.  Major  cell  types  of  the  walls  of  the  bronchioles.  The 
epithelium  is  columnar  and  rests  on  a basement  membrane.  There  are  two 
major  cell  types;  ciliated  cells  and  Clara  cells.  There  are  no  submucosal 
glands.  The  airway  epithelial  lining  fluid  is  thinner  than  observed  in  the 
larger  airways  and  a distinct  mucus  layer  is  not  apparent. 
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1977).  They  likely  differentiate  into  other  cell  types , and  could  function 
as  a "stem"  cell  for  other  airway  columnar  cells  (see  below) . 

Basal  cells  - these  are  ovid  or  pyramidal  shaped  cells  scattered  along  the 
basement  membrane  throughout  the  airways,  although  more  frequently  in  large 
bronchi.  In  bronchioles,  basal  cells  represent  <202  of  the  epithelial  cells 
(Danel  et  al . , 1992;  Jeffrey  and  Reid,  1975).  The  nucleus  fills  most  of  the 
cell;  there  are  no  secretory  granules,  but  some  RER  and  Golgi.  Basal  cells 
have  a broad  based  surface  on  the  basement  membrane  to  which  they  are 
tightly  attached  by  hemidesmosomes  (Kawanami  et  al . , 1979). 

Clara  cells  - this  is  a columnar  cell  with  an  apical  surface  bulging  into 
the  airway  lumen.  Clara  cells  are  confined  to  the  bronchioles,  and  are 
sometimes  referred  to  as  "nonciliated  bronchiolar  epithelial  cells" 
(Massaro,  1989).  The  Clara  granules  do  not  coalesce.  These  cells  are  be- 
lieved to  contribute  significantly  to  bronchiolar  secretions. 

1.9.3  Normal  Epithelial  Cytokinetics 

In  the  normal  lung,  the  airway  epithelium  constantly  turns  over,  but  at  a 
slow  rate  (Breeze  and  Wheeldon,  1977;  Evans  and  Shami , 1989).  Most  data  is 
from  experimental  animals  and  it  varies  by  species  (Frasca  et  al.,  1968). 
Mitoses  are  rarely  seen  (Breeze  and  Wheeldon,  1977).  At  any  given  moment, 
approximately  1 of  200  cells  are  synthesizing  DNA  (Greisin,  1977) . Esti- 
mates of  complete  cell  turnover  (100%  of  the  epithelial  cells  replaced)  in 
the  bronchi  of  experimental  animals  vary  from  7 to  21  days  up  to  82  to  131 
days  (Blenkinsopp , 1967;  Shorter  et  al . , 1964;  Spencer  and  Shorter,  1962). 
Cell  turnover  is  more  rapid  in  larger  airways  with  estimates  of  up  to  3- 
fold  in  large  compared  to  small  bronchi  (Bolduc  and  Reid,  1967) . There  is 
no  quantitative  data  relating  to  epithelial  cell  turnover  in  the  human 
lung. 

The  classic  concept  of  airway  epithelial  cell  ontogeny  held  that  the  basal 
cell  was  the  stem  cell  for  all  of  the  major  airway  epithelial  cells  (Evans 
and  Shami,  1989).  This  view  has  been  modified  somewhat  to  the  concept  that 
basal  cells  regenerate  themselves  and  likely  some  columnar  cells,  but  that 
non-ciliated  columnar  cells  can  also  regenerate  columnar  cells.  In  this 
regard,  while  ciliated  cells  are  considered  to  be  terminally  differentiat- 
ed, mucus,  serous,  undifferentiated,  and  Clara  are  all  capable  of  replica- 
tion. In  the  bronchioles,  Clara  cells  likely  serve  as  the  progenitor  for 
other  Clara  cells  and  ciliated  cells.  In  the  submucosal  glands,  the  progen- 
itor cells  are  not  clear.  It  has  been  hypothesized  that  the  undifferentiat- 
ed columnar  cells  are  the  progenitor  for  Goblet  and  serous  cells  but  this 
is  not  proven.  In  response  to  injury,  all  of  the  non-ciliated  columnar 
cells  undergo  division,  on  the  average  they  spend  8-12  hours  in  S phase,  2- 
3.5  hours  in  G2  and  0.6  hour  in  M (Boren  and  Paradise,  1978). 

1.9.4  Epithelial  Lining  Fluid,  Pericellular  Fluid  and  Mucus 

The  surface  of  the  airway  epithelium  is  covered  with  epithelial  lining 
fluid  (ELF)  that  is  8 to  16  nm  thick  in  the  large  airways.  In  the  bronchi, 
electron  microscopic  observations  demonstrate  the  airway  ELF  consists  of 
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two  layers:  (1)  Pericellular  fluid  (PCF)  - the  layer  next  to  the  cells, 
sometimes  referred  to  as  the  "sol"  phase;  and  (2)  mucus  - the  upper  layer, 
referred  to  as  the  "gel"  phase  (Figures  1.9.2-A,  1.9.2-B). 

(1)  PCF  is  approximately  6 /zm  in  depth  and  approximately  the  height  of 
cilia  (Massaro,  1989).  It  is  believed  that  PCF  allows  cilia  to 
move  freely,  with  the  tips  of  cilia  imbedded  into  the  upper  mucus 
layer,  permitting  the  cilia  to  propel  the  mucus  toward  the  pharynx 
(see  below).  The  composition  of  PCF  is  not  fully  defined,  but 
includes  proteins  as  well  as  small  molecules.  These  components  are 
derived  from  plasma,  produced  locally,  and  include  alveolar  epi 
thelial  fluid  molecules  that  have  moved  to  the  airways. 

(2)  Mucus  - in  normal  airways,  the  upper  mucus  layer  is  a discontinu- 
ous blanket  forming  mucus  islands  floating  on  the  PCF  (see  Basbaum 
and  Finbeiner,  1989;  Kaliner  et  al.,  1988;  Lopez -Vidriero  et  al. , 
1977  for  reviews).  Mucus  is  a complex  viscoelastic  material  that 
contains  mucins,  proteins,  lipids,  and  proteoglycans.  It  traps 
inhaled  particulates  and,  together  with  the  cilia  that  propel  the 
mucus  upward,  serves  a major  defense  mechanism  to  remove  inhaled 
material  and  endogenous  debris  from  the  lung.  In  the  phase  of 
their  forward  beat,  the  cilia  grasp  the  mucus  blanket  with  fine 
claws  at  their  tips. 

It  is  likely  that  all  columnar  airway  epithelial  cells  contribute  to  airway 
ELF.  The  goblet  and  serous  cells  are  the  major  contributors  to  the  mucus 
layer  (at  least  the  mucin  part)  (Basbaum  and  Finbeiner,  1989;  Kaliner  et 
al.,  1988;  Lopez-Vidriero  et  al.,  1977).  The  physiologic  stimuli  that  regu- 
late mucus  production  of  the  bronchial  epithelium  are  largely  unknown.  In 
the  submucosal  glands,  macromolecular  secretion  can  be  modified  by  variety 
of  neural  influences  as  well  as  by  a variety  of  mediators  (Kaliner  et  al., 
1988).  Glandular  serous  cells  and  goblet  cells  appear  to  be  under  somewhat 
different  control.  In  addition  to  mucus  and  PCF,  airway  ELF  likely  also 
contains  components  of  alveolar  ELF  that  has  been  transported  upward. 

1.9.5  Airway  Epithelium  in  CF 

As  the  disease  progresses,  the  mucus  obstruction,  infection  and  neutrophil- 
dominated  inflammation  takes  its  toll  on  the  normal  epithelial  architecture 
(Figure  1.9.5-A).  There  is  no  quantitative  data  available  from  biopsy 
samples  of  individuals  with  CF.  To  quantitate  these  changes  in  the  surface 
epithelium  of  the  large  airways,  a fiberoptic  bronchoscope  was  used  to 
collect  cytologic  brush  samples  of  the  bronchial  epithelium  of  individuals 
with  CF  (18  years  or  older,  all  with  moderate  lung  disease)  compared  to 
normal,  non-smokers.  For  comparison,  the  nasal  epithelium  was  evaluated 
(Table  1.9.5-B).  The  data  demonstrates  that  while  the  nasal  epithelium  is 
similar  in  normals  and  those  with  CF,  there  are  significant  changes  in  the 
proportions  of  epithelial  cell  types  in  the  large  bronchi,  with  CF  individ- 
uals having  fewer  ciliated  cells,  but  increased  proportions  of  basal, 
secretory  and  undifferentiated  columnar  cells. 
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Figure  1.9. 5 -A.  Schematic  of  the  anatomy  of  the  bronchial  tree  typical  for 
cystic  fibrosis  in  midcourse.  The  cut-away  view  shows  details  of  the  epi- 
thelium and  submucosal  glands.  There  are  changes  to  the  epithelium  with  a 
loss  in  ciliated  cells  and  an  increased  number  of  secretory,  basal  and 
undifferentiated  columnar  cells.  The  submucosal  glands  are  hypertrophied  in 
some  areas  and  thinned  in  others.  There  is  thick,  purulent  mucus  in  the 
glands  and  in  the  airways . 
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Table  1.9.5-B 


Types  of  Nasal  and  Bronchial  Epithelial  Cells  Recovered  by  Brush  of  Normals 


. 

and  Individuals 

with  Cystic 

Fibrosis 

Site 

Study 

group 

n 

Total  number 
of  cells 
recovered  per 
brush 

Proportion  of  Epithelial  Cells  Recovered1 

Ciliated 

(%) 

Basal 

(%) 

Secretory 

(%) 

Undifferentiated 

Columnar 

f%) 

Nasal 

Normal 

25 

1 . 3±0 . 3xl05 

64±3 

11±1 

15±2 

10±1 

CF 

12 

1. 9±0 . 3xl05 

61±3 

13±1 

15±2 

11±1 

Bronchial 

Normal 

70 

4 . 4±0 . 2xl05 

79+1 

12±1 

4±1 

5±1 

CF 

22 

10 . 8±1 . 5xl05 

60±2 

15±1 

8±1 

16±1 

asal  brush,  normal  vs  CF,  no  difference  in  the  proportions  of  all  categories  (p>0.1,  all 
comparisons);  bronchial  brush,  normal  vs  CF,  significant  difference  in  the  proportion  in 
all  categories  (p<0.01,  all  comparisons).  See  reference  Trapnell  et  al , 1991,  Danel  et  al., 
1992  for  details  on  methods. 
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In  the  final  stages  of  the  disease,  autopsy  studies  demonstrate  small 
airways  become  completely  obstructed  with  secretions.  There  are  bronchiec- 
tatic  cysts  occupying  as  much  as  50X  of  the  cross-sectional  area  of  the 
lung  (Boat  et  al . , 1989)  and  the  bronchioles  are  stenosed  and  obliterated. 
Bronchiectasis  with  marked  derangements  of  the  epithelial  surface  and  the 
bronchial  wall  is  common. 

1.10  CFTR  Gene  Expression  in  the  Airway  Epithelium 

The  CFTR  gene  is  expressed  in  the  epithelium  of  the  human  nose,  trachea  and 
bronchi  (Trapnell  et  al . , 1991a).  On  the  surface  epithelium,  expression  is 
very  low,  averaging  1-2  mRNA  transcripts  per  cell  (Trapnell  et  al . , 1991a). 
Consistent  with  this  observation,  the  sequence  of  the  5'  flanking  region  of 
the  CFTR  gene  has  the  characteristics  of  a housekeeping- type  gene,  and  the 
rate  of  transcription  of  the  CFTR  gene  in  normal  human  bronchial  epithelium 
is  only  6%  that  of  the  /?-actin  gene  (Chou  et  al . , 1991;  Yoshimura  et  al., 
1991b).  The  absolute  level  of  CFTR  gene  expression  in  airway  epithelial 
cells  of  individuals  with  CF  is  not  known,  but  the  relative  rate  of  expres- 
sion of  the  normal  and  aF508  allele  in  a heterozygote  is  equal  (Trapnell  et 
al.,  1991a).  Recent  studies  suggest  normal  expression  of  the  CFTR  gene  may 
be  higher  in  secretory  epithelial  cells,  particularly  serous  cells  in  mucus 
glands  of  the  large  airways  ( J . Wilson,  personal  communication).  It  is  not 
known  if  this  has  direct  relevance  to  the  pathogenesis  of  the  disease.  In 
mice,  there  is  also  expression  in  the  alveolar  epithelial  cells  ( J . 
Whitsett,  personal  communication),  a site  where  there  is  no  clinical  dis- 
ease (except  late  in  the  course  of  the  disease,  where  there  is  a large 
scale  derangement  of  pulmonary  architecture) . 

1.11  Pathogenesis  of  the  Respiratory  Manifestations  of  Cystic  Fibrosis 

Evidence  from  a variety  of  sources  strongly  argue  that  the  pulmonary  mani- 
festations of  CF  result  from  abnormal  expression  of  the  CFTR  gene  in  epi- 
thelial cells  for  the  tracheobronchial  tree  (Figure  1.11-A).  It  is  not 
clear,  however,  how  the  abnormal  expression  of  the  CFTR  gene  product  re- 
sults in  the  abnormal  mucus,  colonization  with  bacteria  and  intense,  and 
chronic  epithelial  inflammation  in  the  lung  that  characterize  the  disease. 
All  available  evidence  is  consistent  with  the  concept  that  it  is  the  in- 
flammation that  causes  the  progressive  derangements  to  the  airways  that 
result  in  respiratory  impairment  and  eventual  death  from  respiratory  fail- 
ure. 

1.11.1  CFTR  Mutations  and  Respiratory  Disease 

In  regards  to  the  link  of  mutations  of  the  CFTR  gene  to  airway  disease, 
there  is  overwhelming  evidence  that  respiratory  manifestations  of  CF  are 
linked  to  mutations  for  the  CFTR  gene  in  both  parental  alleles  (Boat  et 
al . , 1989).  Further,  measurements  of  the  transepithelial  voltage  of  the 
tracheobronchial  tree  (lumen  voltage  relative  to  the  submucosa)  of  CF 
patients  reveal  a higher  voltage  than  that  observed  in  normals , or  in 
individuals  with  other  diseases  of  the  tracheobronchial  tree,  consistent 
with  the  concept  that  there  is  a local  abnormality  in  electrolyte  transport 
(Knowles  et  al . , 1981).  Finally,  in  vivo  evaluation  for  the  airway  epithe- 
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Figure  1.11-A.  Pathogenesis  of  the  respiratory  manifestations  of  cystic 
fibrosis.  Consequent  to  mutations  of  the  CFTR  gene  there  is  insufficient 
CFTR  function  in  airway  epithelial  cells.  Through  alterations  in  the 
electrolyte  milieu  of  the  airway  surface  and/or  abnormal  biologic  processes 
within  the  airway  epithelial  cells  consequent  to  the  insufficient  CFTR 
function,  there  are  alterations  in  airway  mucus,  chronic  bacterial  infec- 
tion, and  an  intense,  chronic  neutrophil -dominated  epithelial  inflammation. 
Over  time,  the  inflammation  deranges  the  airways,  causing  progressive 
respiratory  dysfunction  and  eventual  failure. 
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lium  of  individuals  with  CF  receiving  lung  transplantations  demonstrates  a 
normal  voltage  (Wood  et  al . , 1989). 

Primary  cultures  of  airway  epithelial  cells  demonstrate  abnormalities  in 
Cl-  permeability  and  an  inability  to  secrete  more  Cl-  in  response  to  stimu- 
li that  increase  intracellular  cAMP  (Rich  et  al.,  1990)  i.e.,  the  epithe- 
lial cells  of  individuals  with  CF  demonstrate  an  abnormality  in  regulation 
of  Cl-  transport  independent  of  any  systemic  factors.  Consistent  with  these 
observations,  permanent  airway  epithelial  cell  lines  established  from  CF 
patients  manifests  the  Cl"  channel  abnormality  (Jetten  et  al.,  1989;  Rich 
et  al.,  1990;  Wagner  et  al. , 1991;  Zeitlin  et  al. , 1991).  Single  channel 
patch- clamp  studies  have  demonstrated  the  Cl-  abnormality  is  manifest  on 
the  apical  membrane  of  airway  epithelial  cells  (Frizzell  et  al . , 1986; 

Hwang  et  al . , 1989;  Li  et  al. , 1988;  Li  et  al. , 1989).  When  the  patches 
were  attached  to  the  CF  cells,  the  abnormality  in  Cl"  permeability  was 
evident.  However,  when  the  apical  patches'  were  excised,  the  Cl-  channel 
could  be  made  to  function  i.e.,  the  CF  abnormality  is  directly  expressed  in 
airway  epithelial  cells  and  appears  to  involve  the  regulation  of  apical  Cl- 
channels . 

Finally,  in  vitro  transfer  of  the  normal  human  CFTR  cDNA  into  airway  epi- 
thelial cells  from  individuals  with  CF  corrects  the  characteristic  abnor- 
mality in  Cl-  transport  (Rich  et  al. , 1990). 

1.11.2  How  Abnormal  CFTR  Gene  Expression  Causes  the  Characteristic  Airway 
Disease 

While  the  link  between  mutations  in  the  CFTR  gene  and  the  respiratory 
abnormalities  of  cystic  fibrosis  is  definitive,  the  mechanisms  involved  in 
the  pathogenesis  for  the  airway  disease  is  not.  There  are  two  general 
hypotheses,  not  mutually  exclusive,  that  explain  the  process:  (1)  the 
respiratory  manifestations  result  from  changes  in  the  electrolyte  milieu  on 
the  surface  of  the  airway  epithelium;  and  (2)  the  respiratory  disease 
results  from  processes  internal  to  the  respiratory  epithelial  cells. 

Although  the  exact  mechanisms  are  not  defined,  an  abnormality  in  electro- 
lyte transport  from  the  apical  surface  of  airway  epithelial  cells  can  ex- 
plain all  of  the  pulmonary  manifestations  of  the  disease.  In  this  regard, 
transepithelial  electrolyte  transport  likely  modulates  the  quantity  and 
composition  of  respiratory  tract  epithelial  fluid.  Thus,  an  inability  to 
actively  transport  Cl-  from  the  submucosa  to  the  epithelial  surface  in  a 
normal  fashion  would  limit  H20  from  being  secreted  from  the  epithelium  in  a 
normal  fashion.  Consequently,  the  airway  secretions  would  be  relatively 
dehydrated,  providing  a rational  scenario  for  the  subsequent  development  of 
mucus  obstruction,  infection  and  inflammation. 

Alternatively,  the  respiratory  disease  may  result  from  abnormal  expression 
of  the  CFTR  gene  modifying  processes  internal  to  the  respiratory  epithelial 
cells.  While  such  mechanisms  are  presently  only  hypothetical,  they  might 
include  abnormalities  in  the  pH  of  intracellular  organelles  causing  dys- 
function of  enzymes  modifying  mucins  or  abnormal  expression  of  cell  compo- 
nents that  interact  with  microorganisms  such  as  Pseudomonas . 
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It  is  also  not  known  whether  all  airway  epithelial  cells  are  involved  in 
the  pathogenesis  of  the  airway  disease,  or  only  a subset.  For  example,  if 
the  "external  electrolyte  milieu"  hypothesis  is  correct,  it  is  likely  that 
most,  if  not  all  of  the  epithelium  is  involved,  consistent  with  the  wide- 
spread (albeit  low)  expression  of  the  CFTR  gene  in  the  surface  airway 
epithelium.  Alternatively,  if  the  "internal  milieu"  hypothesis  holds,  a 
subset  of  cells,  such  as  mucus  producing  cells,  may  play  a dominant  role. 

Independent  of  the  mechanisms  leading  to  the  abnormal  mucus,  bacterial 
colonization  and  inflammation,  there  is  general  agreement  that  the  intense 
neutrophil -dominated  inflammation  deranges  the  airway  epithelium  (Doring, 
1989;  McElvaney  et  al.,  1991).  While  a variety  of  mediators  are  likely 
involved,  injury  to  the  epithelium  is  mediated  to  a large  extent  by  neutro- 
phil elastase  and  neutrophil -generated  oxidants  (McElvaney  et  al.,  1991; 
McElvaney  et  al . , 1992;  Roum  et  al.,  1990). 


1.12  Rationale  for  Using  a Replication  Deficient  Adenovirus  Containing  the 
Human  CFTR  cDNA  to  Treat  the  Respiratory  Manifestations  of  Cystic 
Fibrosis . 

Although  the  pathogenic  processes  causing  the  pulmonary  manifestations  of 
CF  are  not  exactly  identified,  the  available  evidence  presents  an  over- 
whelming case  for  the  fundamental  abnormality  in  the  lung  of  CF  patients  to 
be  an  abnormality  in  expression  of  the  CFTR  gene  in  the  airway  epithelium. 
This  strongly  supports  the  concept  that  it  is  rational  to  use  gene  transfer 
directly  to  airway  epithelial  cells  to  correct  the  CF  defect  that  ultimate- 
ly causes  the  major  clinical  manifestation  of  the  disease. 

One  strategy  to  accomplish  this  is  to  utilize  a replication  deficient 
recombinant  adenovirus  that  contains  an  active  promoter  and  a normal  CFTR 
cDNA  (Rosenfeld  et  al.,  1992).  In  addition  to  the  ability  to  accommodate  a 
large  (up  to  7.5  kb)  exogenous  cDNA,  the  adenovirus  has  the  advantage  of 
being  tropic  for  respiratory  epithelium  and  capable  of  transferring  recom- 
binant genes  into  non-proliferating  cells.  The  recombinant  adenoviral 
approach  has  been  successful  in  transferring  the  human  al- antitrypsin  gene 
to  the  respiratory  epithelium  of  experimental  animals  in  vivo  (Rosenfeld  et 
al.,  1991)  and  directly  relevant  to  this  protocol,  a recombinant  adenovirus 
containing  a normal  CFTR  cDNA  has  been  successful  in  mediating  iji  vivo 
transfer  and  expression  of  the  human  CFTR  gene  to  the  respiratory  epitheli- 
um of  the  lungs  of  experimental  animals  (Appendix  1).  Further,  a recombi- 
nant adenovirus  containing  the  human  CFTR  cDNA  will  correct  the  Cl"  secre- 
tory abnormality  of  epithelial  cells  of  individuals  with  CF  in  vitro . 
Details  of  the  vector  are  presented  in  Section  2 and  details  of  the  experi- 
mental evidence  supporting  the  use  of  a replication  deficient  recombinant 
adenovirus  containing  the  human  CFTR  cDNA  to  treat  the  respiratory  manifes- 
tations of  cystic  fibrosis  are  presented  in  Section  3. 

In  contrast  to  the  adenovirus,  there  is  currently  no  other  vector  system 
capable  of  transferring  the  CFTR  cDNA  to  the  airway  epithelium  in  vivo  with 
efficacy  and  efficiency  necessary  to  treat  the  disease.  The  only  other 
vector  system  that  has  been  shown  to  mediate  in  vivo  transfer  of  the  human 
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CFTR  cDNA  to  the  respiratory  epithelium  in  vivo  in  experimental  animals  are 
double  stranded  DNA  circular  DNA  plasmids  combined  with  liposomes 
(Yoshimura  et  al . , 1992).  However,  the  extent  of  expression  with  this 
vector  system  is  very  limited,  with  no  possibilities  of  therapeutic  benefit 
to  the  individual.  Further,  this  limited  expression  can  be  achieved  only 
with  very  large  amounts  of  DNA  (equivalent  to  500  mg  for  a 50  kg  human) . Of 
the  other  vector  systems  considered  (retrovirus,  adeno-associated  virus, 
naked  plasmid,  plasmid  linked  to  ligand,  plasmid  delivered  in  association 
with  adenovirus  or  fragments  of  adenovirus,  vaccinia,  or  influenza),  there 
is  currently  no  in  vivo  evidence  that  any  will  work  in  the  required  fash- 
ion. 
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REPLICATION  DEFICIENT  RECOMBINANT  ADENOVIRUS  CONTAINING 
THE  HUMAN  CFTR  cDNA 
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2.  Replication  Deficient  Recombinant  Adenovirus  Containing  the  Human  CFTR 
cDNA 

The  two  vectors  evaluated  in  this  protocol,  AdCFTR  and  AvlCFl , are  identi- 
cal in  general  construction,  differing  only  in  the  "expression  cassette" 
relating  to  control  of  expression  of  the  CFTR  cDNA  (see  Figures  2.3-A, 

2.3-B  and  Table  2.3-B,  in  Section  2.3  below).  AdCFTR  was  constructed  by 
Transgene  SA,  Strasbourg,  France  and  M.  Perricaudet  (CNRS) , Institut 
Gustave  Roussy,  Villejuif,  France  (see  Appendix  1).  AvlCFl  was  constructed 
by  B.  Trapnell,  M.  Rosenfeld  and  R.  Crystal,  in  the  Pulmonary  Branch, 

NHLBI . Both  are  based  on  the  genome  of  Ad5 , a member  of  the  common  subgroup 
C of  adenoviruses  (see  Section  2.1,  below).  In  both,  all  of  the  Ela  region 
has  been  deleted,  as  have  the  69.5%  of  the  left  hand  portion  of  Elb  and  66X 
of  the  middle  part  of  the  E3  region.  Both  vectors  begin  (starting  from  the 
left  end)  with  the  left  inverted  terminal  repeat  (ITR)  and  origin  of  repli- 
cation from  Ad5  and  the  encapsidation  signal  and  Ela  promoter/enhancer 
element  from  Ad5 . In  both  vectors,  this  is  followed  by  the  major  late 
promoter  (MLP)  and  tripartite  leader  sequences;  in  AdCFTR  these  elements 
are  from  Ad2  (also  a member  of  subgroup  C,  with  94.7%  sequence  homology  to 
Ad5) , while  in  AvlCFl  they  are  from  Ad5 . Following  the  tripartite  leader, 
both  contain  the  normal  human  CFTR  cDNA  flanked  by  short  5'  and  3'  untrans- 
lated regions  from  the  CFTR  genome;  there  are  minor  differences  in  the  two 
vectors  in  the  length  of  these  regions  and  the  sequence  of  the  CFTR  cDNA 
(see  Table  2.3-B).  The  major  difference  in  the  two  vectors  is  following  the 
CFTR  cDNA  3'  untranslated  region.  In  AdCFTR  there  is  a poly  A signal  (the 
SV40  early  region  poly  A signal)  whereas  this  element  is  not  present  in 
AvlCFl  (AvlCFl  uses  a poly  A signal  in  the  Elb  region,  see  Figure  2.3-A). 
Following  the  CFTR  cDNA  "expression  cassette",  AdCFTR  and  AvlCFl  are  iden- 
tical and  are  based  on  the  sequences  of  Ad5  from  9.24  m.u.  through  the 
right  ITR.  Both  have  two  deletions  in  this  sequence  (see  Appendix  3) : (1)  a 
2 bp  deletion  in  the  VA-I  promoter  that  interrupts  a minor  alternative 
transcription  start  site  for  VA-I  RNA;  and  (2)  a deletion  of  the  66%  of 
middle  part  of  3.  AvlCFl  and  AdCFTR  were  derived  from  different  base  Ad5 
deletion  mutants  (Addl327  for  AvlCFl,  Addl324  for  AdCFTR);  this  difference 
is  irrelevant  to  the  final  construct,  with  the  right  end  of  AdCFTR  and 
AvlCFl  identified  after  the  CFTR  expression  cassette.  For  a discussion  of 
the  derivation  and  final  structure  of  AvlCFl,  see  Section  2.1,  and  appendix 

3.  For  a discussion  of  the  derivation  and  final  structure  of  AdCFTR,  see 
appendix  1 and  appendix  3.  The  recombinant  genomes  of  both  AdCFTR  and 
AvlCFl  are  packaged  into  replication  deficient  recombinant  adenovirus  using 
293  cells  (Graham  et  al.,  1977),  a human  embryonic  kidney  cell  line  con- 
taining El  sequences  of  Ad5 . 

Both  AdCFTR  and  AvlCFl  will  infect  human  epithelial  cells  and  express  the 
human  CFTR  cDNA  as  evidenced  at  the  mRNA  level  (Northern  analysis)  and 
protein  level  ( immunohis tochemis try , immunoprecipitation  followed  by  phos- 
phorylation with  kinase).  For  both  vectors,  the  expression  of  the  CFTR  cDNA 
is  in  amounts  sufficient  to  complement  mutations  of  the  CFTR  gene,  enabling 
the  epithelial  cells  derived  from  individuals  with  CF  to  secrete  Cl-  in 
response  to  elevations  in  cAMP.  In  the  sections  dealing  with  efficacy 
(Section  3)  and  safety  (Section  4)  data  with  both  vectors  are  presented; 
for  all  of  the  data  presented,  the  specific  vector  used  (AdCFTR  or  AvlCFl) 
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is  indicated.  Although  both  vectors  function  to  complement  mutations  of  the 
CFTR  gene  in  epithelial  cells  derived  from  individuals  with  CF  in  an 
appropriate  fashion,  direct  comparisons  of  the  two  vectors  with  Northern, 
immunohistochemistry , immunoprecipitation  followed  by  phosphorylation  with 
kinase  and  functional  assays  (ability  to  secrete  Cl-  in  response  to  eleva- 
tions of  cAMP)  demonstrated  that  AdCFTR  consistently  yielded  more  expres- 
sion/function per  pfu.  Based  on  this  analysis,  a decision  was  made  to  use 
AdCFTR  for  the  clinical  protocol. 


The  following  sections  provide  an  overview  of  the  structure  of  the  adeno- 
virus, the  fabrication  and  production  of  the  recombinant  adenoviruses 
AdCFTR  and  AvlCFl,  the  structure  of  AdCFTR  and  AvlCFl,  formulation  of  the 
recombinant  vector  for  the  clinical  protocol,  and  the  various  quality 
control  parameters  to  assess  the  recombinant  virus  to  be  used  in  the  clini- 
cal protocol. 

2 . 1 Overview  of  the  Adenovirus 

The  adenovirus  is  comprised  of  linear,  double  stranded  DNA  complexed  with 
core  proteins  and  surrounded  with  capsid  proteins.  The  intact  virion  has 
icosahedral  symmetry  (20  plane  faces,  12  vertices),  a molecular  mass  of 
175-185  x 106  Da,  and  a diameter  of  88  nm  (see  Ginsberg,  1984;  Horwitz, 
1990a;  Berkner,  1988  for  an  overview  of  adenoviruses;  Stewart  et  al.,  1991 
for  the  3-dimensional  structure).  The  36  kb  of  double  stranded  DNA  compris- 
es 11.6-13.5%  (by  weight)  of  the  virus.  The  remainder  is  protein,  except 
for  approximately  1%  carbohydrate.  There  is  no  lipid.  The  virion  sediments 
at  31-32S  and  has  a buoyant  density  in  CsCl  of  1.33  - 1.35  g/ml . 

There  are  47  distinct  serotypes  of  adenoviruses  and  several  additional 
viruses  being  considered  for  classification  (Hierholzer,  1992).  The  clini- 
cal illnesses  associated  with  adenovirus  infection  differ  among  groups  of 
serotypes.  The  illnesses  are  usually  mild  but  on  rare  occasions  can  be  life 
threatening.  The  common  illnesses  include  acute  febrile  pharyngitis, 
kerato-conjunctivitis , and  gastroenteritis.  Less  commonly,  adenovirus 
infection  is  associated  with  bronchitis,  pneumonia,  a pertussis-like  syn- 
drome, acute  hemorrhagic  cystitis,  and  hepatitis.  Adenovirus  is  widespread 
in  the  general  population,  with  evidence  of  anti -adenovirus  antibodies  in 
most  adults.  For  example,  in  1954  in  Washington,  D.C.,  >95%  of  individuals 
surveyed  had  serologic  evidence  of  prior  adenovirus  infection  by  ages  16-34 
years  (Straus,  1984). 

The  AdCFTR  and  AvlCFl  vectors  to  be  used  in  this  protocol  are  based  on 
adenovirus  type  5,  a common  serotype  belonging  to  subgroup  C,  a subgroup 
that  includes  serotypes  1,  2,  5,  and  6 and  is  variably  associated  with 
malaise,  fever,  chills,  myalgia,  headache,  rhinorrhea,  nasal  congestion, 
sneezing,  anorexia,  conjunctivitis  and  pharyngitis  (Horwitz,  1990a;  Straus, 
1984).  A 10  year  study  in  Washington,  D.C.  revealed  two  annual  peaks  in 
adenovirus -associated  respiratory  illness,  July  and  December  (Straus, 

1984) . Following  respiratory  adenovirus  infection,  shedding  is  observed 
from  the  respiratory  tract,  but  fecal  shedding  continues  for  a longer 
period  (Fox  et  al.,  1969).  Adenovirus -associated  respiratory  disease  can  be 
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transmitted  by  the  respiratory,  oral,  or  conjunctival  routes.  The  incu- 
bation period  ranges  from  5-10  days  with  an  average  of  7 days. 

The  immune/inflammatory  system  contains  and  clears  adenovirus  infections 
through  a variety  of  interactions  involving  humoral  and  cellular  processes . 
Although  humoral  responses  can  modify  the  course  of  adenovirus  infection, 
it  is  clear  that  cell -mediated  immune  mechanisms  are  central  to  the 
containment  and  resolution  of  these  infections  (Straus,  1984).  Lower  respi- 
ratory tract  infection  with  frank  pneumonia  is  uncommon  with  adenovirus 
infection;  when  it  does  occur  in  adults  it  is  almost  always  associated  with 
adenovirus  subtypes  3,  4,  7,  and  21,  not  5.  There  are  rare  fatalities  with 
adenoviral  infection;  almost  all  cases  of  devastating  adenovirus  infections 
have  been  documented  in  circumstances  in  which  there  is  inadequate  cellular 
immunity,  including  neonates,  immune -depressed  individuals  with  cancer, 
transplants,  HIV  infection,  and  individuals  receiving  corticosteroids, 
cytotoxic  drugs  or  radiation,  and  children  with  T-cell  disorders  (Horwitz, 
1990a;  Straus,  1984;  Hierholzer,  1992).  There  is  no  evidence  that  children 
or  adults  with  CF  have  increased  susceptibility  to  or  severity  of  adenovi- 
rus infection. 

Despite  the  fact  that  all  subgroups  of  adenovirus  can  transform  cells  from 
various  species  in  vitro  and  some  subgroups  (A  and  B)  can  induce  tumors  in 
newborn  hamsters,  there  is  no  evidence  that  any  adenovirus  type  is  asso- 
ciated with  human  tumors  in  vivo  (Horwitz,  1990a;  Straus,  1984).  The  vec- 
tors AdCFTR  and  AvlCFl  are  based  on  adenovirus  type  5 , a member  of  subgroup 
C,  a subgroup  that  does  not  produce  tumors  in  any  animal  in  vivo  (Horwitz, 
1990a;  Straus,  1984). 

Because  of  the  widespread  prevalence  of  adenovirus  infection  in  closed 
populations  such  as  military  recruits,  considerable  effort  was  put  into 
developing  adenovirus  vaccines.  In  1963,  live  adenovirus  vaccines  were 
developed  using  enteric-coated  capsules  containing  adenovirus  types  4 and  7 
(Chanock  et  al. , 1966;  Edmondson  et  al . , 1966;  Gutekunst  et  al.,  1967; 

Smith  et  al . , 1970;  Top  et  al.,  1971b;  Top  et  al . , 1971c).  These  vaccines 
cause  inapparent  enteric  infection.  There  is  no  spread  of  infection  to  the 
respiratory  tract  or  evidence  of  respiratory  symptoms.  Spread  to  non- 
infected  individuals  is  rare.  The  oral  vaccines  elicit  serum  but  not  local, 
neutralizing  antibodies  on  the  nasal  epithelial  surface  (Scott,  1972; 

Smith,  1970).  Since  the  initial  development  of  these  vaccines,  their  use  is 
widespread  in  the  military,  with  bivalent  (Ad4,  Ad7)  live  enteric  vaccines 
in  general  use  in  the  US  and  other  militaries  around  the  world.  It  is 
estimated  that  >5  million  individuals  have  had  live  adenoviruses 
administered  in  this  form  (Chanock  et  al . , 1966;  Couch  et  al . , 1963;  A. 
Davis,  personal  communication;  Top  et  al.,  1971b;  Top  et  al . , 1971c). 

2.2  Structure  of  the  Adenovirus 

The  structure  of  the  adenovirus  is  conveniently  described  on  the  basis  of 
the  adenovirus  genes  expressed  following  infection  of  human  cells.  By 
convention,  the  36  kb  of  adenovirus  DNA  is  divided  into  100  map  units  (mu) ; 
360  bp/mu.  The  viral  genome  is  transcribed  in  two  major  stages,  an  early 
(E)  phase  which  precedes  viral  DNA  replication  and  a late  (L)  phase  (start- 
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ing  6-8  hours  later)  (Figure  2.2-A).  The  early  phase  genes  are  grouped  as 
Ela,  Elb , E2a,  E2b,  E3  and  E4.  Part  of  the  LI  region  is  also  grouped  as  an 
"early"  phase  gene.  Regions  active  in  both  the  early  and  late  phase  in- 
clude E2a,  E2b,  and  IX.  The  late  phase  genes  are  grouped  as  part  of  LI,  L2 , 

L3,  L4,  and  L5 . Also  in  the  late  phase  there  is  transcription  of  regions 

IVa2  and  VA. 

The  early  region  genes  code  for  at  least  30  mRNA  transcripts.  Specific 
functions  have  been  defined  for  many,  but  not  all  of  the  proteins  coded  by 
these  transcripts  (see  Pettersson,  1984  for  details) . The  El  products  are 
the  first  adenovirus  proteins  generated  post- infection  and  function  as 
important  transcriptional  regulators.  Importantly,  most  of  the  El  region 
sequences  are  critical  for  viral  replication;  by  removing  the  Ela  region 
and  a substantial  part  of  Elb,  the  virus  can  be  rendered  replication  defi- 
cient. The  E3  region  can  be  deleted  with  no  apparent  effect  on  viral  growth 

in  culture  (see  section  4.8  for  a discussion  of  this  region  and  the  safety 

aspects  of  deleting  E3  sequences) . 

The  late  region  genes  are  mostly  related  to  production  of  the  structural 
proteins  required  for  assembly  of  the  nucleoprotein  core  (e.g.  the  genomic 
DNA  of  the  virus  plus  the  proteins  associated  with  the  DNA)  and  the  capsid 
forming  the  outer  shell  of  the  virus  (Ginsberg,  1984;  Horwitz,  1990a).  The 
five  families  of  late  mRNAs  (Ll-5)  all  use  the  same  tripartite  leader 
sequences  1,  2,  and  3 found  5'  to  the  L region  genes  (Figure  2.2-A). 

Besides  the  early  and  late  regions  genes,  other  important  regions  of  the 
adenovirus  genome  include  the  left  and  right  inverted  terminal  repeats 
(ITR) , and  sequences  required  for  initiating  replication  and  encapsidation 
(VO  of  the  virus. 

2.2.1  Structural  Proteins 

Each  adenovirus  virion  has  approximately  2,700  polypeptides.  The  vast 
majority  of  these  are  the  structural  proteins,  most  of  which  comprise 
either  the  capsid  or  are  associated  with  both  the  capsid  and  the  nucleopro- 
tein core  (Table  2.2.1-A).  Analysis  of  the  purified  adenovirus  AdCFTR  by 
sodium  dodecyl  sulfate  acrylamide  gels  reveals  the  same  major  structural 
proteins  found  in  replication  competent  Ad5  (P.  Seth,  R.  Crystal,  not 
shown).  For  details  as  to  the  structure,  location,  function  and  assembly  of 
these  proteins,  see  Pettersson,  1984. 

2.3  Structure  of  the  Replication  Deficient,  Recombinant  Adenovirus  Vec- 
tors 

The  replication  deficient,  recombinant  adenovirus  vector  AvlCFl  is  based  on 
the  genome  of  human  adenovirus  type  5 . The  naturally  occurring  Ad5  has  a 
double  stranded  DNA  genome  of  35,935  bp  (GenBank  accession  No.  M73260) . The 
overall  structure  of  AdCFTR  has  been  published  (see  Appendix  1) . AvlCFl  has 
a genome  of  36,397  bp.  As  with  AdCFTR,  AvlCFl  has  two  major  structural 
deletions  (relative  to  Ad5) , an  El  deletion  (1.26-9.24  mu  of  Ad5)  and  an  E3 
deletion  (78.5-84.7  mu  of  Ad5) . Also  idential  to  AdCFTR,  AvlCFl  has  a minor 
2 bp  deletion  in  the  VA-I  promoter  (see  appendix  3) . The  overall  structure 
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Figure  2. 2 -A.  Transcription  and  translation  maps  of  adenovirus  type  2.  Ad2 
and  Ad5  (the  base  virus  for  AdCFTR)  belong  to  the  same  subgroup  and  have 
94. 7X  nucleic  acid  sequence  identify.  The  left  strand  (5'  to  3')  and  right 
strand  (3'  to  5 ' ) are  divided  into  100  map  units  (m.u.).  The  early  mRNAs 
(Ela,  Elb , some  of  E2A,  most  of  E2B,  E3  and  E4)  are  indicated  as  thick 
arrows.  The  intermediate  mRNAs  expressed  early  and  late  (some  E2a,  some  E2b 
and  IX)  are  indicated  as  thin  arrows.  The  late  mRNAs  (LI,  L2 , L3 , L4 , and 
L5)  are  indicated  as  open  arrows.  The  direction  of  transcription  is  indi- 
cated by  the  arrows.  The  capped  5'  ends  of  the  mRNA  (indicated  by  a bracket 
to  the  left  or  right  of  the  start  of  the  arrow)  indicate  the  position  of 
the  transcriptional  promoters,  and  the  end  of  the  arrowheads  indicate  the 
3'  ends  of  the  mRNA.  Gaps  indicate  intervening  sequences  removed  by  splic- 
ing to  form  the  mature  cytoplasmic  mRNA.  The  L1-L5  mRNAs  all  originate  with 
the  same  tripartite  leader  sequences  1,  2,  and  3 (except  for  one  LI  mRNA 
which  uses  the  fourth  leader  segment  "i").  Also  indicated  are  most  of  the 
structural  and  nonstructural  proteins  comprising  the  virion.  For  further 
details  see  Berkner,  1988;  Ginsberg,  1984;  Horwitz , 1990a. 
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Figure  2.2- A 
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Structural  Proteins  of  the  Adenovirus1 
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of  AdCFTR  and  AvlCFl  compared  to  the  genome  of  Ad5  is  shown  in  Figure  2.3-A 
and  details  of  the  "expression  cassette"  of  both  vectors  is  shown  in  Fig- 
ures 2.3-B.  In  both  vectors,  the  El  deletion  encompasses  the  entire  Ela 
coding  region  and  69. 5X  of  the  left  hand  end  of  the  Elb  region.  The  E3 
deletion  in  both  vectors  comprises  66%  of  the  E3  region  (leaving  20%  of  the 
left  end  of  E3  and  14%  of  the  right  end  of  E3) . AdCFTR  and  AV1CF1  have 
minor  differences  in  regards  to  the  "expression  cassette"  relating  to  the 
expression  of  the  CFTR  cDNA.  These  are  detailed  in  Section  2.,  above  and  in 
Table  2.3-B.  The  sequence  of  AvlCFl  (based  on  direct  sequencing  of  the 
expression  cassette  and  the  published  sequence  of  Ad5)  is  in  appendix  3. 

The  minor  sequence  differences  of  AdCFTR  from  this  sequence  are  detailed  in 
Table  2.3-B.  These  regions  of  minor  differences  of  AdCFTR  as  compared  to 
AvlCFl  in  the  "expression  cassette"  [the  left  hand  end  through  the  begin- 
ning region  of  homology  with  the  regions  of  minor  differences  of  Ad5  (9.24 
mu)]  are  being  sequenced  and  will  be  made  available  to  the  Recombinant  DNA 
Advisory  Committee  and  the  FDA. 

The  deletions  of  Ad5  used  as  the  base  for  AdCFTR  total  4754  bp  and  AvlCFl 
total  4743  bp.  To  make  AdCFTR  amd  AvlCFl,  the  expression  cassettes  detailed 
in  Figures  2.3-B  and  Table  2.3-A  were  combined  by  homologous  recombination 
with  the  E1“E3_  Ad5  base  to  yield  a final  genome  of  approximately  101  mu. 

The  upper  limit  of  genomic  DNA  that  can  be  packaged  into  an  infectious  Ad 
virion  is  105  mu.  At  101  mu,  AvlCFl  and  AdCFTR  are  approximately  3.8%  less 
than  the  maximal  packagable  genome. 

From  a functional  point  of  view,  AdCFTR  and  AvlCFl  are  replication  defi- 
cient since  both  are  missing  El  genes  coding  for  Ela  proteins  [28K,  42-54K, 
and  48-58K  proteins]  and  Elb  proteins  [15K,  22K  and  55K  proteins]  that  play 
a critical  role  in  regulating  replication.  Given  that  these  vectors  are 
replication  deficient  and  missing  most  of  E3 , they  should  not  have  the 
ability  of  Ad5  to  subvert  the  immune/inf lammatory  system  (See  section  4.8). 
From  the  newly  inserted  information,  AdCFTR  and  AvlCFl  contain  elements  to 
direct  the  expression  of  the  human  CFTR  cDNA  [the  Ela  promoter/enhancer, 
the  MLP  and  the  tripartite  leaders  (sequences  that  increase  translation 
efficiency)].  This  is  followed  by  the  CFTR  cDNA  itself.  The  CFTR  mRNA 
directed  by  AdCFTR  likely  uses  the  SV40  early  region  polyadenylation  signal 
3'  to  the  CFTR  3'  untranslated  region,  while  the  CFTR  mRNA  directed  by 
AvlCFl  likely  uses  the  polyadenylation  signal  within  the  Ad5  Elb  region 
(4038  to  4043  bp  of  Ad5) . 

The  packaged  AdCFTR  and  AvlCFl  virions  have  a CsCl  density  similar  to  Ad5 
(1.33-1.35  g/ml) . 

2.4  Fabrication  and  Production 

AdCFTR  and  AvlCFl  were  constructed  by  homologous  recombination  of  an  adeno- 
virus vector  construction  plasmid  containing  the  human  CFTR  cDNA  and  Ad5 
sequences  and  the  large  Clal  fragment  of  Addl327  (for  AvlCFl,  a replication 
competent  adenovirus  type  5 based  E3~  mutant)  or  Addl324  (for  AdCFTR,  a 
replication  deficient  adenovirus  type  5 based  E1~E3-  mutant) . The  regions 
of  Addl327  and  Addl324  that  are  in  AvlCFl  and  AdCFTR,  respectively,  have 
identical  sequences  (Addl327  was  derived  from  Addl324;  T.  Shenk,  personal 
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Figure  2. 3 -A.  Genomic  organization  of  AvlCFl  and  AdCFTR  compared  to  Ad5 . 
Shown  (top  to  bottom)  are  a map  of  the  Ad5  genome  indicating  the  regions 
deleted  in  AvlCFl  and  AdCFTR  and  overall  maps  of  AvlCFl  and  AdCFTR.  The 
regions  of  Ad5  not  present  in  AvlCFl  and  AdCFTR  include  the  entirety  of  Ela 
and  69. 5Z  of  the  left  end  of  Elb  and  66Z  of  E3 . The  deletion  of  the  El 
region  is  replaced  with  the  Ad5  major  late  promoter  (MLP;  from  Ad5  in 
AvlCFl  and  from  Ad2  in  AdCFTR),  the  Ad  tripartite  leader  sequences  1,  2, 
and  3 (from  Ad5  in  AvlCFl  and  from  Ad2  in  AdCFTR) and  the  human  CFTR  cDNA. 
AdCFTR  includes  an  SVAO-derived  polyA  signal  after  the  CFTR  cDNA;  AvlCFl 
uses  the  Elb  polyA  signal  (indicated).  ITR  — inverted  terminal  repeat.  Not 
shown  - the  minor  2 bp  deletion  of  the  VA-I  promoter  (in  the  region  of  29 
m.u.)  in  both  AvlCFl  and  AdCFTR. 
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Figure  2.3-B.  The  left  hand  end  "expression  cassette"  of  AdCFTR  compared  to 
AvlCFl.  ITR  = inverted  terminal  repeat;  the  scale  is  in  basepairs  (bp);  to 
demonstrate  all  elements  (e.g.,  linking  sequences),  the  schematics  are  not 
exactly  to  scale.  See  section  2.3  and  Table  2.3-B  for  details. 
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Table  2.3-B 

Structural  Elements  Contained  in  the  Genome  of  AdCFTR  and  AvlCFl 


Element 

AdCFTR 

AvlCFl 

Differences 

ITR  origin  of 
Replication 

Ad5 

Ad5 

None 

\J>  + El  promoter/ 
enhancer 

Ad5 

Ad5 

AvlCFl  includes  11  bp  more  of  the 
El  promoter1 

Major  late 
promoter 

Ad2 

Ad  5 

2 bp2 

Tripartite 

leader 

Ad2 

Ad5 

Minor  sequence  differences  in 
3rd  tripartite  leader2 

CFTR  gene  5' 
untranslated  region 

11  bp 

61  bp 

AdCFTR  contains  less  5'  untrans- 
lated region3 

CFTR  cDNA  coding 
sequence 

Normal 

Normal 

Minor  differences3 

CFTR  gene  3 ' 
untranslated  region 

12  bp 

150  bp 

AdCFTR  contains  less  3'  untrans- 
lated region3 

SV40  early  region 
polyA  signal 

Yes 

No 

i 

AdCFTR  but  not  AvlCFl  contains 
SV40  polyA  signal4 

Ad5  right  end5 

From  9 . 24 
m.u.  to 
right  end6 

From  9 . 24 
m.u. to 
right  end6 

None 



xAd5  Ela  promoter  sequences  455-466  are  included  in  AvlCFl,  not  in  AdCFTR 


2GenBank  accession  //M73260 

3For  AdCFTR  see  Appendix  1 and  Yoshimura  et  al. , 1991b;  for  AvlCFl  see  Appendix  3 


aSV40  early  region  2666-2538  bp  (GenBank  accession  # V01380) 

5Most  of  E3  region  deleted  and  a 2 bp  deletion  of  the  VA-I  promoter, 
6Appendix  3 


see 


section 
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communication) . The  details  of  the  fabrication  of  AdCFTR  have  been  pub- 
lished (see  appendix  1) . The  fabrication  of  AvlCFl  is  described  in  Figures 

2.4- A,  2.4-B  and  2.4-C.  The  plasmid  pS2CFTR  (Figure  2.4-B)  was  constructed 
by  combining  the  base  shuttle  plasmid  pS2  (Figure  2.4-A)  with  the  entire 
coding  sequence  of  the  CFTR  cDNA  contained  within  the  plasmid  pBQ4.7 
(Riordan  et  al . , 1989;  GenBank  accession  No.  M28668;  L-C  Tsui,  personal 
communication) . The  final  genome  of  AvlCFl  includes  (left  to  right)  se- 
quences from  pS2CFTR  (1-5667  bp  in  AvlCFl)  and  sequences  from  Ad-dl327 
(5668-38,397  bp  in  AvlCFl).  The  pS2CFTR  derived  sequences  provide  AvlCFl 
with  the  left  ITR,  origin  of  replication,  packaging  signal  (VO , Ela 
promoter/enhancer  element,  major  late  promoter  and  tripartite  leader,  and 
the  CFTR  cDNA.  The  Ad-dl327  derived  sequences  provide  AvlCFl  with  all  of 
the  necessary  remaining  elements  (except  for  the  products  of  the  deleted  El 
sequences  which  are  provided  in  trnns  by  the  293  cells  used  for  production, 
see  below)  to  produce  a replication  deficient,  recombinant  infectious 
virus . 

The  base  shuttle  plasmid  pS2  was  constructed  using  adenovirus  sequences 
derived  from  Ad-dl327,  a mutant  adenovirus  identical  to  Ad5  except  for  the 
minor  2 bp  deletion  in  the  VA-I  promoter  and  a deletion  of  the  viral  genome 
within  the  E3  region  (sequences  78.5  to  84.7  m.u.  are  deleted,  see  Figure 

2.4- C).  The  Ad-dl327  sequences  in  pS2  are  the  left  hand  end  of  Ad-dl327  (0- 
1.25  m.u.)  including  the  left  hand  ITR,  origin  of  replication  packaging 
signal  (VO  and  Ela  promoter/enhancer.  This  is  followed  (left  to  right)  by 
the  MLP  (16.1  to  16.8  m.u.  in  Ad-dl327)  and  the  tripartite  leader  sequences 
from  Ad-dl327  (16.8  to  16.9,  19.8  to  19.9  and  26.8  to  27.0  m.u.  in  Ad- 
dl327).  Each  of  these  elements  from  Ad-dl327  were  prepared  using  PCR  ampli- 
fication of  Ad-dl327  DNA  as  a template.  The  combined  elements  from  Ad-dl327 
were  cloned  as  a Notl-Xbal  fragment  to  a pSKII+  derived  plasmid  containing 
a 2913  bp  Bglll  - Hindlll  fragment  of  Ad-dl327  (sequences  from  position 
3328  to  6241  of  Ad-dl327,  identical  to  positions  3328  to  6241  of  Ad5  (see 
Appendix  3)  which  had  been  cloned  as  a blunt  fragment  into  the  Xhol  site  of 
the  pSKII+  plasmid  (GenBank  accession  No.  52328). 

The  plasmid  pBQ4.7  includes  a PstI  insert  of  4.7  kb  encompassing  the  entire 
coding  region  of  the  CFTR  cDNA  and  flanking  sequences  beginning  with  the  5' 
untranslated  sequence  at  position  72  and  ending  with  the  3'  untranslated 
sequence  at  position  4725  (see  GenBank  accession  No.  M28668  for  numbering). 
The  CFTR  cDNA  with  these  flanking  sequences  were  removed  from  this  plasmid 
by  cleavage  with  Spel  and  Clal  and  cloned  into  pS2  (cut  with  Spel  and  Clal) 
to  form  pS2CFTR  (Figure  2.4-B). 

For  the  final  construction  of  AvlCFl,  DNA  was  purified  from  Ad-dl327  by 
proteinase  K digestion,  phenol  chloroform  extraction  and  dialysis  against 
10  mM  Tris-Cl , 1 mM  EDTA,  pH  7.4.  The  DNA  was  cleaved  with  Clal  (Figure 

2.4- C),  fractionated  by  agarose  gel  electrophoresis,  and  the  large  (35  kb) 
fragment  purified  by  phenol  chloroform  extraction  and  dialysis.  The  puri- 
fied large  Clal  fragment  of  Ad-dl327  (5  /ig)  and  linear  Notl-Kpnl  pS2CFTR 
DNA  were  contransf ected  with  CaPO*,  into  293  cells  [50%  confluent,  6 cm 
plate] . 

293  cells  are  used  for  the  production  of  both  AdCFTR  and  AvlCFl.  293  cells 
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Figure  2.4-A.  Schematic  of  the  adenoviral  construction  base  plasmid,  pS2. 

In  addition  to  prokaryotic  elements  including  an  ampicillin  resistance  gene 
(AMPr)  , and  fl  and  Col  El  origins  of  replication  and  the  T3  and  T7  RNA 
promoters,  the  plasmid  contains  left  end  elements  of  adenovirus  type  5 
including  the  left  inverted  terminal  repeat  (ITR)  and  origin  of  replica- 
tion, Ela  enhancer  and  encapsidation  signal  (VO  , and  elements  to  control 
the  expression  of  an  exogenous  cDNA  including  the  major  late  promoter  (MLP) 
and  tripartite  leader  elements  1,2  and  3.  This  is  followed  by  a multiple 
cloning  site  and  a segment  of  adenovirus  type  5 [from  position  9.24  map 
units  (ra.u.)  to  17.34  m.u.  (6241  bp)]  used  for  vector  construction  by 
homologous  recombination. 
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Figure  2.4-B.  Schematic  of  the  adenoviral  construction  plasmid  pS2CFTR  used 
in  the  final  construction  of  AvlCFl.  pS2CFTR  was  constructed  by  inserting 
the  CFTR  cDNA  into  the  base  plasmid  pS2  (see  Figure  2.4-A).  Shown  are  left 
end  genomic  elements  of  Ad5  including  the  left  inverted  terminal  repeat 
(ITR)  and  origin  of  replication.  This  is  followed  by  the  Ela  enchancer  and 
encapsidation  signal  (V>)  , the  major  late  promoter,  tripartite  leader,  and  a 
segment  of  adenovirus  type  5 [from  position  9.24  m.u.  (3328  bp)  to  17.34 
m.u.  (6241  bp)]  used  for  homologous  recombination. 
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Figure  2.4-C.  Construction  of  AvlCFl  (a  recombinant  adenovirus  expressing 
human  CFTR  used  for  transferring  the  CFTR  cDNA)  by  homologous  recombination 
of  the  E3  deletion  mutant  Ad-dl327  and  plasmid  pS2CFTR.  The  majority  of  the 
E3  region  has  been  deleted  in  Ad-dl327 ; there  is  also  a minor  2 bp  deletion 
of  the  VA-I  promoter  (region  of  29  m.u. ; not  shown).  The  site  of  the  Ela 
region  is  indicated  by  the  horizontal  arrow.  Within  the  site  is  a conve- 
nient Clal  site.  Ad-dl327  is  digested  with  Clal  to  yield  the  "Clal  large 
fragment" . The  shuttle  plasmid  pS2CFTR  is  cleaved  with  Notl  and  Kpnl  and 
co- transfected  with  the  Clal  large  fragment  into  293  cells  where  homologous 
recombination  occurs  to  yield  the  infectious  deficient  recombinant  adenovi- 
rus AvlCFl.  At  the  bottom  is  shown  AvlCFl  (total  length  101  m.u.)  with  an 
enlarged  view  of  the  left  end.  These  elements  are  identical  to  those  in 
pS2CFTR,  see  Figure  2.4-B. 
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are  human  embryonic  kidney  cells  that  have  been  transformed  into  a continu- 
ous line  by  Ad5 ; the  genome  of  293  cells  include  11%  of  the  left  end  of  the 
Ad5  genome  (0  to  11  m.u.)  (Graham  et  al.,  1977;  Precious  and  Russell, 

1985) . This  region  provides  El  functions  in  trans  that  have  been  deleted 
from  the  genome  of  AdCFTR  and  AvlCFl , and  permits  production  of  replication 
deficient,  recombinant  infectious  virions  of  AdCFTR  and  AvlCFl.  The  293 
cells  were  transfected  with  the  purified  Clal  cut  genome  from  Addl  327 
together  with  the  plasmid  DNA  for  AdCFTR  or  AvlCFl  and  then  cultured  in  a 
humidified  atmosphere  at  37*  with  5%  C02.  After  18  hours,  the  cells  were 
washed  and  3 ml  of  soft  agarose  media  (minimal  essential  media  containing 
1%  seaplaque  agarose  and  7.5%  fetal  calf  serum)  was  added.  Plaques  were 
picked  after  15  days  and  amplified  on  293  cells  in  successively  larger 
plates  usirg  standard  methods  (Green  et  al . , 1967;  see  Appendix  1 for 
further  details) . 

High  titers  of  the  AdCFTR  and  AvlCFl  recombinant  adenovirus  vector  were 
produced  in  293  cells  and  purified  on  cesium  chloride  gradients.  To  accom- 
plish this,  cells  were  grown  to  70-80%  confluency  and  infected  with  puri- 
fied AdCFTR  or  AvlCFl  virus  at  a multiplicity  of  infection  of  10  pfu/cell 
and  cultured  until  the  cells  showed  typical  cytopathic  effect.  The  cells 
were  then  harvested  and  lysed  by  freezing  and  thawing  to  release  intracel- 
lular virus . The  crude  viral  lysate  was  cleared  of  cellular  debris  by  low 
speed  centrifugation.  Infectious  virus  was  then  recovered  by  centrifugation 
on  a two  step  cesium  chloride  gradient  to  remove  low  molecular  weight 
cytoplasmic  contents  and  empty  viral  capsids  (Precious  and  Russell,  1985). 
The  virus  was  further  purified  by  isopycnic  density  centrifugation  on 
cesium  chloride.  Cesium  chloride  was  removed  by  dialysis  and  the  resultant 
virus  was  aliquoted  and  stored  at  -70*  until  use.  The  final  viral  prepara- 
tion included  10%  glycerol  to  stabilize  the  virus  during  storage. 

The  amount  of  infectious  viral  particles  in  all  preparations  was  determined 
by  plaque  assay  to  titer  adenovirus  (Green  et  al . , 1967).  The  plaque  assay 
was  carried  out  with  serial  dilutions  of  the  virus  used  to  infect  75% 
confluent  293  cells  cultured  in  6 well  plates.  After  90  minutes,  the  media 
was  changed  to  soft  agarose  media  and  the  cultures  were  continued  in  a 
humidified  environment  at  37*  in  5%  C02  and  observed  for  the  appearance  of 
plaques.  Titers  were  determined  by  counting  viral  plaques  at  2 weeks. 

2.5  Formulation  and  Quality  Control  Parameters 

The  final  production  of  the  AdCFTR  and  AvlCFl  vectors  involves:  (1)  purifi- 
cation of  virions  away  from  the  intracellular  debris  of  the  transfected  293 
cells  by  low  speed  centrifugation;  (2)  CsCl  step  gradients  to  remove  low 
molecular  weight  cellular  and  unincorporated  viral  protein  components;  (3) 
CsCl  isopycnic  density  gradient  centrifugation  to  remove  incomplete  virions 
and  empty  viral  capsids  (all  have  lower  density  than  infectious  adenovi- 
rus); and  (4)  dialysis  to  remove  low  molecular  weight  components,  including 
the  CsCl  used  for  the  gradient  centrifugation.  To  maintain  stable,  intact, 
infectious  recombinant  adenovirus  during  and  subsequent  to  dialysis,  the 
final  dialysate  includes  10  mM  Tris-Cl,  pH  7.4,  1 mM  Mg  Cl2,  and  10%  glyc- 
erol (to  prevent  aggregation  of  virions). 


Recombinant  DNA  Research,  Volume  16 


[667] 


The  final  stored  preparation  to  be  used  in  the  clinical  protocol  consists 
of  AdCFTR  at  a titer  of  10u  to  1012  pfu/ml  in  10  mM  Tris-Cl,  pH  7.4,  1 mM 
MgClz,  and  10X  glycerol.  The  preparation  is  stored  at  -70*  until  use.  Prior 
to  in  vivo  administration,  the  preparation  is  thawed  and  diluted  to  the 
required  concentration  in  a final  buffer  of  10  mM  Tris-Cl,  pH  7.4,  1 mM 
MgCl2,  and  3.3%  glycerol. 

Quality  control  measures  to  be  used  are  designed  to  assay  the  293  cells, 
the  seed  virus  used  for  initial  infection,  the  virus  prior  to  purification 
and  the  final  purified  virus  for  adventitious  agents,  structure,  and  func- 
tion. All  studies  will  be  carried  out  under  the  U.S.  Good  Laboratory  Prac- 
tices (GLP)  and  Regulations  as  promulgated  in  Title  21  CFR  Section  5.8. 

The  293  cell  bank  will  be  assessed  for  bacteria  and  fungus,  sterility, 
mycoplasma,  karyology,  (isozyme  and  cytogenetic  analysis),  in  vitro  evalua- 
tion for  non-specific  virus  contaminants  by  evaluating  indicator  cells  for 
cytopathic  effect,  in  vivo  evaluation  for  non-specific  virus  using  adult 
mice,  suckling  mice,  guinea  pigs  and  embryonated  hens  egg  for  clinical 
signs  of  viral  infection,  Epstein-Barr  virus,  cytomegalovirus,  bovine  virus 
(including  bovine  viral  diarrhea  virus,  infectious  bovine  rhinotracheitis 
virus,  parainfluenza  3 virus,  replication  competent  adenoviruses,  and 
bovine  parvovirus),  hepatitis  B virus,  human  immunodeficiency  virus,  por- 
cine parvovirus,  adenovirus,  and  electron  microscopy  (as  a general  virus 
screen) . 

The  genome  of  the  AdCFTR  seed  virus  will  be  evaluated  for  structural  integ- 
rity by  Southern  analysis,  DNA  sequence  of  the  left  end  of  the  vector 
through  the  region  at  the  beginning  of  the  large  Clal  fragment  of  Addl324, 
titer,  expression  of  exogenous  CFTR  cDNA  at  the  mRNA  and  protein  levels  in 
vitro  and  in  vivo  (see  sections  3.1,  3.2),  expression  of  viral  genes 
(hexon)  at  the  mRNA  and  protein  levels  (see  section  4.2),  DNA  replication 
in  cultured  human  epithelial  cells  (HeLa)  and  in  freshly  isolated  human 
respiratory  epithelial  cells  (see  Section  4.1),  for  the  presence  of  contam- 
inating adenovirus  type  5 Ela  sequences  (e.g.,  from  contamination  in  the 
laboratory),  sterility,  and  adventitious  agents. 

The  final  purified  AdCFTR  preparation  will  be  evaluated  for  sterility, 
limulus  amebocyte  lysate  (for  gram  negative  bacterial  endotoxin)  and  gener- 
al safety  (inoculation  into  guinea  pigs  and  mice  and  observation  for  overt 
signs  of  ill-health  or  unusual  response). 

The  evaluations  listed  above  will  be  carried  out  using  standard  GLP  condi- 
tions. The  evaluation  for  the  presence  of  contaminating  Ad5  will  be  carried 
out  by  assessing  the  preparation  for  the  presence  of  Ad5  Ela  sequences. 

This  is  accomplished  using  a PCR-based  amplification  system  with  oligonu- 
cleotide primers  located  within  the  structural  portion  of  the  Ela 
gene  (evaluating  for  the  presence  of  Ad5  sequences  562  to  899  bp;  (GenBank 
accession  No.  73260).  As  a positive  control,  and  to  define  the  sensitivity 
of  the  assay,  each  assay  includes  a standard  curve  consisting  of  mixtures 
of  the  recombinant  vector  and  an  Ela+  Ad5  virus.  As  a control  for  the 
presence  of  DNA,  each  sample  is  evaluated  by  PCR  using  oligonucleotide 
primers  within  the  E2b  region  (Ad2  base  numbers  6671  to  7072;  Ad5  and  the 
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Ad5 -based  viruses  Ad-dl327  and  the  recombinant  vector  are  positive  with 
these  primers).  An  example  of  this  assay  is  shown  in  Figure  2.5-A  for  the 
vector  AvlCFl . The  assay  can  detect  contaminating  intact  Ad-dl327  or  Ad5 
virus  in  a preparation  of  AvlCFl  at  a level  of  1 in  105  (Figure  2.5-A). 
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Figure  2. 5 -A.  Assessment  of  a preparation  of  an  El~,  replication  deficient 
Ad5 -based  adenovirus  for  contamination  with  Ad5 . The  example  shown  is  for 
the  vector  AvlCFl . Mixtures  of  Ad5  (WT)  and  AvlCFl  from  1:1  to  1:10-5  were 
evaluated  by  amplification  with  Ela  specific  primers  followed  by  southern 
analysis  using  a 32P-nested  Ela  probe.  No  Ela  sequences  are  present  in  the 
H20  control  (lane  1)  or  AvlCFl  alone  (lane  2).  Ela  sequences  are  readily 
detectable  in  a mixture  1 of  Ad5  and  AvlCFl  to  at  least  a ratio  of  1:10-5 
(lanes  3-8).  At  the  exposure  shown  the  signal  at  10-5  (lane  8)  is  not  seen; 
with  longer  exposures  (not  shown)  a clear  signal  at  10-5  is  observed.  The 
expected  Ela  fragment  is  337  bp.  See  text  (section  2.5)  for  further  de- 
tails . 
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SECTION  3 


EXPERIMENTAL  EVIDENCE  SUPPORTING  THE  USE  OF  A REPLICATION  DEFICIENT 
RECOMBINANT  ADENOVIRUS  CONTAINING  THE  HUMAN  CFTR  cDNA  TO  TREAT 
THE  RESPIRATORY  MANIFESTATIONS  OF  CYSTIC  FIBROSIS 
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3.  Experimental  Evidence  Supporting  the  Use  of  a Replication  Deficient 
Recombinant  Adenovirus  Containing  the  Human  CFTR  cDNA  to  Treat  the 
Respiratory  Manifestations  of  Cystic  Fibrosis. 

There  is  evidence  from  a variety  of  viewpoints  that  a El-  E3“  replication 
deficient  recombinant  adenovirus  can  transfer  the  normal  human  CFTR  cDNA  to 
airway  epithelial  cells  and  that  the  CFTR  cDNA  is  expressed  and  will  cor- 
rect the  CF  phenotype  of  epithelial  cells  from  individuals  with  CF.  For 
additional  details,  see  Appendix  1 (Rosenfeld  MA,  Yoshimura  K,  Trapnell  BC, 
Yoneyaraa  K,  Rosenthal  ER,  Dalemans  W,  Fukayama  M,  Bargon  J,  Stier  LE, 
Stratford-Perricaudet  L,  Perricaudet  M,  Guggino  WB , Pavirani  A,  Lecocq  J-P, 
Crystal  RG.  In  vivo  transfer  of  the  human  cystic  fibrosis  transmembrane 
conductance  regulator  gene  to  the  airway  epithelium.  Cell  1992;  68:143-155) 
and  Appendix  2 [Mastrangeli  A,  Danel  C,  Rosenfeld  MA,  Stratford-Perricaudet 
L,  Perricaudet  M,  Pavirani  A,  Lecocq  J-P,  Crystal  RG . Diversity  of  airway 
epithelial  cell  targets  for  in  vivo  recombinant  adenovirus -mediated  gene 
transfer.  J Clin  Invest  (in  press)]. 

3.1  In  vitro  Evidence 

The  in  vitro  evidence  demonstrates  that  a recombinant  adenovirus  vector 
containing  the  CFTR  cDNA  will  transfer  the  cDNA  in  a fashion  that  results 
in  expression  of  the  CFTR  gene  at  the  mRNA  and  protein  levels  and  will 
complement  the  abnormal  mutations  in  the  endogenous  CFTR  genes  to  reestab- 
lish the  ability  of  the  epithelial  cells  to  secrete  Cl~  in  response  to 
cAMP.  Further,  such  a vector  will  survive  in  the  relatively  harsh  inflamma- 
tory milieu  of  the  airway  epithelial  lining  fluid  in  CF. 

3.1.1  Expression  of  CFTR  mRNA 

Following  AdCFTR  or  AvlCFl  infection,  human  CFTR  mRNA  derived  from  the 
adenovirus  vector  can  be  detected  in  a variety  of  cell  lines  including 
human  cervical  carcinoma  (HeLa) , cystic  fibrosis  pancreatic  carcinoma  cell 
line  (CFPAC-1),  human  embryonic  kidney  cells  (293),  and  freshly  isolated 
cystic  fibrosis  human  bronchial  cells  (data  for  AdCFTR,  see  Appendix  1; 
data  for  AvlCFl,  not  shown).  Following  infection  with  AdCFTR  (but  not  with 
controls) , in  situ  hybridization  demonstrated  human  CFTR  mRNA  in  freshly 
isolated  normal  human  bronchial  epithelial  cells  and  cystic  fibrosis  human 
bronchial  epithelial  cells  (see  Figures  3.1.1-A,  3.1.1-B). 

Following  infection  with  AdCFTR,  polymerase  chain  reaction  (PCR)  evaluation 
of  freshly  isolated  human  bronchial  cells  derived  from  individuals  with 
cystic  fibrosis  demonstrated  AdCFTR-directed  mRNA  transcripts  (Figure 
3.1.1-C).  Further,  whereas  prior  to  infection  and  after  infection  with  a 
control  virus,  these  cells  expressed  only  mRNA  transcripts  with  the  endoge- 
nous CFTR  transcripts  expressing  the  CF  mutations.  After  AdCFTR  infection, 
normal  CFTR  transcripts  were  present,  as  demonstrated  by  sequence  analysis 
and  by  hybridization  with  specific  probes  (not  shown) . 
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Figure  3.1.1-A.  Evaluation  of  Ad- CFTR- directed  human  CFTR  transcripts  in 
human  bronchial  cells  by  in  situ  hybridization.  Human  bronchial  brushing 
cells  (freshly  recovered  during  bronchoscopy  by  cytologic  brush  from  normal 
individuals)  were  infected  with  Ad- CFTR  for  48  hr  (Appendix  1;  Rosenfeld  et 
al . , 1992).  Human  CFTR  mRNA  transcripts  were  evaluated  in  cytocentrifuge 
preparations  by  in  situ  hybridization  with  35S- labeled  antisense  (A,B,C,) 
and  sense  (D)  CFTR  RNA  probes.  A.  Uninfected  cells  (control).  B-D.  Ad-CFTR 
infected  cells . ( 
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Figure  3.1.1-B.  Evaluation  of  Ad- CFTR- directed  human  CFTR  transcripts  in 
human  bronchial  cells  by  in  situ  hybridization.  Human  bronchial  brushing 
cells  (freshly  recovered  during  bronchoscopy  by  cytologic  brush  from  indi- 
viduals with  CF)  were  infected  with  Ad- CFTR  for  24-48  hr  (Appendix  1; 
Rosenfeld  et  al . , 1992).  Human  CFTR  mRNA  transcripts  were  evaluated  in 
cytocentrifuge  preparations  by  in  situ  hybridization  with  35S- labeled  sense 
(A)  and  antisense  (B,C,D)  CFTR  cRNA  probes.  Shown  are  Ad- CFTR  infected 
cells  from  individuals  with  CF  using  direct  light  microscopy  (left)  and 
dark  field  illumination  (right) . Uninfected  cells  had  no  transcripts  evi- 
dent when  evaluated  with  the  antisense  probe  (not  shown) . 
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Figure  3.1.1-C.  Evaluation  of  Ad-CFTR  specific  CFTR  transcripts  in  human 
respiratory  epithelial  cells  from  an  individual  with  CF  following  in  vitro 
infection  with  Ad-CFTR.  Human  respiratory  epithelial  cells  were  obtained 
during  bronchoscopy  by  cytologic  brush,  infected  with  Ad-CFTR  and  cultured 
as  previously  described  (Appendix  1;  Rosenfeld  et  al . , 1992).  RNA  was 
extracted,  treated  with  DNase,  converted  to  cDNA,  and  amplified  with  a 
primer  pair  consisting  of  an  adenoviral-specific  sense  primer  and  a human 
CFTR-specif ic  antisense  primer  as  previously  described  (Appendix  1) . Each 
DNase  - treated  sample  was  used  as  a PCR  template  in  parallel  without  conver- 
sion to  cDNA  to  eliminate  the  possibility  of  amplifying  potentially  contam- 
inating viral  DNA.  PCR  products  were  evaluated  by  agarose  gel  electrophore- 
sis followed  by  Southern  hybridization  using  a nested  32P-labeled  human 
CFTR  cDNA  probe.  Panel  A shows  the  strategy  for  amplification  and  hybrid- 
ization. Note  that  the  location  of  the  5'  primer  used  for  amplification  of 
the  cDNA  is  located  in  a region  of  Ad-CFTR  that  is  virus-specific  (as 
compared  to  CFTR-specif ic)  i.e.,  the  transcripts  could  only  be  derived  from 
Ad- CFTR- directed  mRNA,  not  endogenous  CFTR  mRNA.  Panel  B shows  data  from 
RNA  extracted  from  CF  respiratory  epithelial  cells  24  hr  after  infection. 
Lane  1 - uninfected  cells,  without  reverse  transcriptase  (RT) ; lane  2 - 
same  as  lane  1,  with  RT;  lane  3 - cells  after  infection  with  the  control 
virus  Ad-alAT  amplified  without  RT;  lane  4 - same  as  lane  3,  with  RT ; lane 
5 - after  infection  with  Ad-CFTR,  without  RT;  and  lane  6 - same  as  lane  5, 
with  RT. 
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3.1.2  Expression  of  CFTR  Protein 


Following  infection  with  AdCFTR  (but  not  in  uninfected  cells),  human  CFTR 
protein  can  be  detected  by  immunohistochemistry  in  a variety  of  cell  lines 
and  freshly  isolated  cells,  including  293  cells,  HeLa  cells,  IB3-1  cells, 
freshly  isolated  normal  human  bronchial  cells,  freshly  isolated  cystic 
fibrosis  human  bronchial  epithelial  cells,  freshly  isolated  cotton  rat 
tracheal-bronchial  cells,  and  freshly  isolated  rhesus  bronchial  cells  (see 
Appendix  1,  Figure  3.1.2-A,  Figure  3.1.2-B).  Using  identical  methods,  human 
CFTR  protein  can  also  be  detected  following  AvlCFl  infection  of  293  cells, 
HeLa  cells,  IB3-1  cells,  and  freshly  isolated  normal  human  bronchial 
epithelial  cells  (not  shown).  In  contrast,  expression  of  the  endogenous 
CFTR  gene  in  these  cells  is  low  and  endogenous  human  CFTR  protein  cannot  be 
detected  in  freshly  isolated  tissues  by  this  immunohistochemistry  assay. 
This  is  true  for  cells  from  experimental  animals  and  from  humans. 

Following  infection  with  Ad-CFTR  (but  not  control  vectors,  or  in  uninfected 
cells) , human  CFTR  protein  can  be  immunoprecipitated  and  subsequently 
detected  after  phosphorylation  with  protein  kinase  A from  a variety  of 
cells  including  293,  freshly  isolated  normal  human  airway  epithelial  cells, 
and  freshly  isolated  cotton  rat  tracheal -bronchial  epithelial  cells  (Figure 
3.1.2-C). 

Following  infection  with  Ad-CFTR  (but  not  control  vectors,  or  in  uninfected 
cells),  de  novo  synthesized  human  CFTR  protein  can  be  detected  by  35S- 
methionine  labeling,  immunoprecepitation , sodium  dodecyl  sulfate 
polyacrylamide  gels,  and  autoradiography  in  293,  CFPAC-1  and  freshly  iso- 
lated normal  human  airway  epithelial  cells  (Figure  3.1.2-D  and  Appendix  1) . 

3.1.3  Functional  "Complementation"  of  the  Cystic  Fibrosis  Phenotype 

Consistent  with  the  role  of  the  CFTR  protein  as  a cAMP-regulatable  Cl- 
channel  in  epithelia,  the  biologic  phenotype  of  CF  epithelia  is  the  in- 
ability to  secrete  Cl-  in  response  to  an  increase  in  intracellular  levels 
of  cAMP.  This  can  be  corrected  by  infection  of  CF  epithelial  cells  with  Ad- 
CFTR  or  AvlCFl.  The  assay  used  to  demonstrate  this  utilizes  quantification 
of  36C1-  secretion  in  response  to  increased  cAMP  (see  Appendix  1 for  de- 
tails) . An  example  of  the  functional  consequences  of  AvlCFl  infection 
demonstrated  with  the  36C1-  assay  in  epithelial  cells  from  individuals  with 
CF  (CFPAC-1)  is  shown  in  Figure  3.1.3-A.  In  contrast,  a control  vector  had 
no  effect.  The  vector  AdCFTR  will  convey  cAMP  stimulatable  Cl-  secretion  to 
cells  that  do  not  normally  have  this  function,  and  to  pancreatic  cells  and 
airway  epithelial  cells  from  individuals  with  cystic  fibrosis  (Appendix  1, 
Figure  3 . 1 . 3-B) . 

3.1.4  Can  the  Vector  Survive  in  the  Airway  Epithelial  Lining  Fluid  of  Indi- 
viduals with  Cystic  Fibrosis? 

The  airway  epithelial  milieu  of  individuals  with  CF  is  characterized  by  an 
intense  neutrophil  dominated  inflammatory  process,  and  with  it,  inflamma- 
tory cell  derived  mediators  including  oxidants,  proteases  and  a variety  of 
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Figure  3. 1.2 -A.  Immunohistochemical  detection  of  CFTR  protein  in  non-human 
primate  (rhesus)  respiratory  epithelial  cells  after  infection  with  Ad-CFTR. 
Rhesus  bronchial  brushing  cells  (freshly  recovered  during  bronchoscopy  by 
cytologic  brush)  were  infected  in  vitro  with  Ad-CFTR  and  collected  24  hr 
later  (Appendix  1) . Human  CFTR  protein  was  evaluated  in  cytocentrifuge 
preparations  using  the  alkaline  phosphatase  anti-alkaline  phosphatase 
method  with  minor  modifications  and  anti-human  CFTR  antibody  as  previously 
described  (Appendix  1) . Shown  are  control  uninfected  cells  (A)  , cells 
infected  with  Ad-CFTR  (B)  and  as  a control,  cells  infected  with  Ad-CFTR 
evaluated  with  an  irrelevant  primary  antibody  (C) . Immunoreactivity  to 
human  CFTR  is  indicated  by  a red  color;  cell  nuclei  appear  blue  as  a result 
of  hematoxylin  counters taining. 
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Figure  3.1.2-B.  Inununohistochemical  detection  of  CFTR  protein  in  human 
respiratory  epithelial  cells  after  infection  with  Ad-CFTR.  Human  bronchial 
brushing  cells  (freshly  recovered  during  bronchoscopy  by  cytologic  brush 
from  individuals  with  CF)  were  infected  in  vitro  with  Ad-CFTR  and  evaluated 
at  various  time  points  (Appendix  1;  Rosenfeld  et  al . , 1992).  Human  CFTR 
protein  was  evaluated  in  cytocentrifuge  preparations  using  the  alkaline 
phosphatase  anti -alkaline  phosphatase  method  with  minor  modifications  and 
anti -human  CFTR  antibody  as  previously  described  (Appendix  1) . Shown  are 
control  uninfected  cells  cultured  for  30  hours  (A)  and  cells  infected  with 
Ad-CFTR  for  30  hours  (B) . Panel  C shows  four  individual  ciliated  cells 
infected  with  Ad-CFTR  for  48  hours;  in  the  lower  right  corner  of  panel  C, 
as  a control,  the  primary  antibody  was  eliminated.  Immunoreactivity  to 
human  CFTR  is  indicated  by  a red  color;  cell  nuclei  appear  blue  as  a result 
of  hematoxylin  counters taining . 
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Figure  3.1.2-C.  Detection  of  human,  phosphorylated  CFTR  protein  in 
respiratory  epithelial  cells  after  infection  with  Ad-CFTR.  Human  bronchial 
brushing  cells  (freshly  recovered  during  bronchoscopy  by  cytologic  brush 
from  normal  individuals)  and  cotton  rat  tracheal-bronchial  brushing  cells 
(recovered  by  cytologic  brush  from  naive  cotton  rats)  were  infected  in 
vitro  with  Ad-CFTR  or  the  control  Ela  deletion  mutant  virus  Ad-dl312  and 
collected  48  hr  later  (Appendix  1) . As  a positive  control  for  expression  of 
CFTR  following  Ad-CFTR  infection,  293  cells  were  infected  with  Ad-CFTR  and 
collected  16  hr  later.  CFTR  protein  was  evaluated  by  immunoprecipitation 
with  a mouse  monoclonal  antibody  against  human  CFTR  followed  by  phosphory- 
lation using  protein  kinase  and  [7-32P]ATP  (Cheng  et  al . , 1990;  Bargon  et 
al.,  1992).  Human  bronchial  brushing  cells  from  2 normal  individuals  (indi- 
vidual #1,  lanes  1,2;  individual  #2,  lanes  3,4)  cotton  rat  tracheal -bron- 
chial brushings  cells  (lanes  5,6)  and  293  cells  (lanes  7,8)  were  evaluated. 
Shown  are  control  uninfected  cells  (lanes  1,5),  cells  infected  with  Ad- 
dl312  (lane  3,7),  and  cells  infected  with  Ad-CFTR  (lanes  2, 4, 6, 8).  The 
expected  size  range  for  CFTR  protein  is  indicated. 


Recombinant  DNA  Research,  Volume  16 


[679] 


293  cells 


[680] 


Recombinant  DNA  Research,  Volume  16 


Ad-alAT  Ad-CFTR 


Figure  3.1.2-D.  Detection  of  de  novo  synthesized  CFTR  protein  in  respirato- 
ry epithelial  cells  after  infection  with  Ad-CFTR.  Human  bronchial  brushing 
cells  (freshly  recovered  during  bronchoscopy  by  cytologic  brush  from  normal 
individuals)  were  infected  in  vitro  with  Ad-CFTR  or  the  control  virus  Ad- 
alAT  (Appendix  1),  simultaneously  labelled  with  [35S ] methionine  and  evalu- 
ated 48  hr  later.  Cell  lysate  was  prepared  and  evaluated  for  [35S] methio- 
nine labelled  CFTR  by  immunoprecipitation,  sodium  dodecyl  sulfate-poly- 
acrylamide  gel  electrophoresis  and  autoradiography  as  previously  described. 
Shown  are  cells  infected  with  the  control  adenovirus  vector  (see  Rosenfeld 
et  al. , 1991)  Ad-alAT  (lane  1)  and  Ad-CFTR  (lane  2).  The  size  range  for 
CFTR  is  indicated. 
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Figure  3.1.3-A.  Jn  vitro  evaluation  of  the  function  of  human  CFTR  protein 
directed  by  AvlCFl . The  functional  ability  of  AvlCFl  to  modulate  forskolin- 
stimulated  Cl-  permeability  was  evaluated  in  CFPAC-1  cells  [pancreatic 
adenocarcinoma  cells  from  an  individual  homozygous  for  the  common  aF508 
mutation  (Rommen  et  al. , 1989;  Riordan  et  al . , 1989;  Kerem  et  al.,  1989; 
Collins,  1992)].  CFPAC-1  cells  were  trypsinized,  counted,  seeded  (3  cm 
plates  [5x10s  cells/plate])  and  infected  in  suspension  at  200  pfu/cell  with 
AvlCFl  or  AvlNull  (a  control  vector  identical  to  AvlCFl  except  that  the 
CFTR  cDNA  is  deleted)  . Cl"  efflux  was  evaluated  48  hr  after  infection  at 
rest  (basal)  and  after  stimulation  (forskolin)  as  previously  described 
(Appendix  1;  Trapnell  et  al.,  1991b)  in  uninfected  CFPAC-1  cells  (A),  cells 
infected  with  AvlNulll  (B)  and  cells  infected  with  AvlCFl  (C) . 
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Figure  3.1.3-B.  In  vitro  evaluation  of  the  function  of  human  CFTR  protein 
directed  by  AdCFTR.  The  functional  ability  of  AdCFTR  to  modulate  forskolin- 
stimulated  Cl-  permeability  was  evaluated  in  IB3-1  cells  [epithelial  cell 
line  derived  from  an  individual  with  cystic  fibrosis  (Zeitlin  et  al.  1991)] 
IB3-1  cells  were  trypsinized,  counted,  seeded  (3  cm  plates  [ 5xl05 
cells/plate])  and  infected  in  suspension  at  200  pfu/cell  with  AdCFTR  or  a 
control  vector  (AvlNull,  an  E1~E3“  repliction  deficient  adenovirus  identi- 
cal to  AvlCFl , but  with  no  CFTR  cDNA.  Cl-  efflux  was  evaluated  48  hr  after 
infection  at  rest  (basal)  and  after  stimulation  (forskolin)  as  previously 
described  (Appendix  1;  Trapnell  et  al.,  1991b)  in  (A)  cells  infected  with 
AvlNull  and  (B)  IB3-1  cells  infected  with  AdCFTR. 
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cytokines  (Boat  et  al . , 1989;  McElvaney  et  al . , 1991;  McElvaney  et  al . , 
1992;  Suter  et  al . , 1988;  Suter  et  al . , 1989a;  Welsh  and  Fick,  1987).  To 
insure  that  a replication  deficient  recombinant  adenovirus  can  survive  in 
this  hostile  environment,  AdRSV.^gal,  a recombinant  vector  containing  the 
E.  coli  lacZ  gene  coding  for  ^-galactosidase  (see  Appendix  2 for  details) 
was  incubated  at  37°  in  respiratory  epithelial  lining  fluid  from  individu- 
als with  CF  for  varying  times  and  the  fluid  (with  the  vector)  then  placed 
on  HeLa  cells.  Evaluation  of  the  cells  after  24  hr  demonstrated  the  vector 
had  infected  the  cells  and  the  /?-galactosidase  gene  was  expressed  (Figure 
3.1.4-A). 

3.2  In  Vivo  Evidence 

The  evidence  that  a recombinant  vector  containing  the  CFTR  cDNA  will  trans- 
fer the  cDNA  to  the  airway  epithelium  in  vivo  comes  from  studies  in  cotton 
rats  [a  rodent  with  susceptibility  to  human  adenovirus  infection  similar  to 
that  of  humans  (Ginsberg  et  al . , 1989)]  and  in  non-human  primates  (rhesus). 

3.2.1  Expression  In  Vivo  in  Cotton  Rats 

Studies  with  cotton  rats  have  demonstrated  that  the  intratracheal  adminis- 
tration of  Ad-CFTR  results  in  expression  of  the  human  CFTR  cDNA  as  evi- 
denced by:  (a)  PCR  analysis  showing  human  CFTR  mRNA  expression  in  the  lung 
for  at  least  6 weeks;  (b)  in  situ  hybridization  analysis  demonstrating 
human  CFTR  mRNA  transcripts  in  airway  epithelial  cells;  (c)  quantitative 
northern  analysis  showing  that  lung  levels  of  human  CFTR  mRNA  transcripts 
at  6 weeks  are  approximately  42%  of  that  at  2 days  after  instillation;  and 
(d)  immunohistochemical  evidence  of  human  CFTR  protein  in  airway  epithelial 
cells.  Details  of  these  studies  can  be  found  in  Appendix  1. 

In  regards  to  the  relative  infectivity  and  resulting  expression  of  the 
exogenous  gene  in  various  airway  epithelial  cells  in  vivo . studies  were 
carried  out  in  cotton  rats  receiving  intratracheal  AdRSV.^S  gal,  the  recom- 
binant vector  containing  the  /?-galactosidase  gene.  The  results  demonstrate 
that  all  major  categories  in  the  airway  epithelium  of  large  and  small 
airways  are  equally  infectable,  including  ciliated,  basal,  secretory  and 
undifferentiated  columnar  cells  (see  Appendix  2 for  details). 

3.2.2  Expression  In  Vivo  in  Non-Human  Primates 

Intratracheal  administration  of  the  recombinant  adenovirus  vector  contain- 
ing the  lacZ  gene  to  rhesus  demonstrated  expression  of  /3-galactosidase 
protein  in  airway  epithelial  cells  at  3 days  (Figure  3. 2. 2 -A)  and  7 days 
(not  shown)  after  administration. 
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Figure  3.1.4-A.  Effect  of  epithelial  lining  fluid  of  individuals  with 
cystic  fibrosis  on  the  in  vitro  expression  of  a recombinant,  replication 
deficient  adenovirus  vector.  AdRSV.^gal  (107  pfu)  was  incubated  (30  min, 
37°)  with  media  or  epithelial  lining  fluid  (ELF)  from  an  individual  with 
cystic  fibrosis.  The  various  fluids  were  then  added  to  HeLa  cells  (106 
cells,  10  pfu/cell)  and  the  incubation  continued  for  24  hrs  at  37°. 
galactosidase  activity  was  evaluated  in  cell  lysates  by  spectrophotometry 
(420  nm) ; see  Appendix  2 for  details  regarding  the  vector  and  assay  meth- 
ods) . 
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Figure  3.2.2-A.  Histochemical  detection  of  E , Coli  S-galactosidase  in  rhesus 
monkey  respiratory  epithelial  cells  after  in  vivo  infection  with 
AdRSV.Rgal.  Rhesus  monkey  tracheal  epithelial  cells  were  infected  in  vivo 
with  2xl09  pfu/kg  of  an  adenovirus  vector  derived  from  type  5 adenovirus 
and  containing  the  Eh.  coli  lacZ  gene  which  codes  for  the  S-galactosidase 
protein  (see  Appendix  2).  After  3 days,  epithelial  cells  were  recovered 
from  the  trachea  by  bronchoscopic  visualization  and  removal  using  a cytolo- 
gy sampling  brush.  S-galactosidase  was  evaluated  in  cytocentrifuge  prepara- 
tions using  X-gal  as  a substrate.  Samples  were  stained  with  hematoxylin  and 
eosin.  Shown  are:  (A)  epithelial  cells  obtain  from  a control  animal  admin- 
istered vehicle;  and  (B)  epithelial  cells  obtained  from  an  animal  adminis- 
tered AdRSV.Sgal.  The  presence  of  S- galactosidase  is  indicated  by  a dark 
blue  nuclear  staining. 
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4.  Safety  Considerations 

There  are  a variety  of  safety  issues  relevant  to  the  use  of  a replication 
deficient  recombinant  adenovirus  to  treat  the  respiratory  manifestations  of 
CF,  including:  will  the  vector  replicate  in  human  epithelial  cells?  Does 
the  vector  express  viral  genes  in  addition  to  the  CFTR  cDNA?  Is  respiratory 
infection  with  the  vector  associated  with  transfer  of  the  exogenous  gene  to 
the  germ  line?  Is  respiratory  administration  of  the  vector  associated  with 
damage  to  the  lung?  Are  anti-vector  antibodies  elicited  by  respiratory 
administration  of  the  vector?  If  so,  does  reinfection  with  another  adeno- 
virus pose  a risk?  Is  the  vector  shed  following  respiratory  administration 
of  the  vector?  Are  there  risks  of  having  some  of  E3  deleted  from  the  vec- 
tor? If  recombination  or  complementation  of  the  vector  occurs  in  vivo . does 
this  pose  a risk  to  the  patient  and/or  environment?  Is  there  a risk  of 
malignancy  associated  with  the  use  of  this  vector?  Does  the  genome  of  the 
vector  integrate  into  the  genome  of  the  target  cells?  Does  the  expression 
of  the  newly  transferred  CFTR  cDNA  need  to  be  regulated? 

The  following  addresses  these  questions  point  by  point,  and  details  in 
vitro  and  in  vivo  evidence  that  leads  to  the  conclusion  that  the  potential 
benefits  of  the  use  of  this  vector  in  the  proposed  clinical  protocol  sig- 
nificantly outweigh  the  potential  risks  accompanying  the  use  of  this  vec- 
tor. 

4.1  Will  the  Vector  Replicate  in  Human  Epithelial  Cells? 

With  the  deletion  of  map  units  1.26  to  9.24  (455  to  3327  bp  of  the  left 
hand  end) , Ad-CFTR  and  AvlCFl  have  been  designed  to  eliminate  the  regions 
of  the  adenovirus  genome  that  control  replication  of  adenovirus  DNA  and 
thus  replication  of  the  vector.  To  evaluate  whether  an  El_E3~  recombinant 
adenovirus  vector  replicates  in  human  epithelial  cells , human  cervical 
carcinoma  cells  (HeLa) , a human  epithelial  cell  line  known  to  be  permissive 
for  wild  type  adenovirus  growth  (Cinatl  et  al.,  1992),  were  infected  with 
AvlCFl  (60  pfu/cell)  and  the  cells  evaluated  over  time  by  assessing  cell 
lysates  for  the  presence  of  infectious  adenovirus  (or  intact  vector  DNA)  by 
adding  the  lysate  to  293  cells  and  determining  the  resulting  titer  of 
adenovirus . No  increase  in  the  amounts  of  infectious  virions  was  observed 
(Figure  4.1-A).  In  contrast,  the  control  virus  (Ad-dl327,  an  El+E3~  Ad5- 
based  virus)  increased  over  time. 

To  determine  whether  vector  DNA  replication  occurs,  HeLa  cells  were  infect- 
ed with  AvlCFl  (30  to  1000  pfu/cell),  the  cells  incubated  with  32P04,=  , viral 
DNA  extracted  (by  a modified  Hirt  procedure,  Hirt,  1967),  the  DNA  cut  with 
EcoRl,  and  gel  electrophoresis  and  autoradiography  were  carried  out.  Where- 
as Ad-dl327  infection  was  clearly  associated  with  viral  DNA  replication  at 
all  multiplicity  of  infection  (MOI) , AvlCFl  replication  in  HeLa  cells  was 
MOI  dependent  (Figure  4.1-B).  At  low  MOI  (MOI  of  30  or  less)  no  DNA  repli- 
cation was  observed  but  at  high  MOI  (MOI  of  100  or  more) , HeLa  did  support 
AvlCFl  DNA  replication.  This  result  is  consistent  with  the  observation  that 
infection  of  HeLa  at  60  pfu/cell  was  not  associated  with  an  increase  in  the 
amount  of  infectious  virions  (Figure  4.1-A).  It  is  also  consistent  with 
evidence  that  at  high  MOI,  HeLa  will  support  replication  of  Ela~  adenovirus 
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Figure  4.1-A.  Evaluation  of  the  replication  potential  of  AvlCFl  in  HeLa 
cells  by  measurement  of  production  of  infectious  virus.  HeLa  cells  were 
grown  to  80%  confluency  in  Dulbecco's  modified  Eagle  medium,  10%  fetal  calf 
serum,  1%  glutamine,  100  U/ml  penicillin,  100  /ig/ml  streptomycin  and  in- 
fected with  AvlCFl  or  Ad-dl327  at  a multiplicity  of  infection  (MOI)  of  60 
plaque  forming  units  (pfu)  per  cell.  After  90  minutes  ("0"  time),  24  hr,  48 
hr,  or  72  hr,  cells  and  media  were  collected  and  all  cells  were  recovered 
and  freeze- thawed  5 times  to  release  intracellular  adenovirus.  Serial 
dilutions  of  the  freeze-thaw  lysate  were  prepared  and  used  to  infect  293 
cells  grown  to  95%  confluency.  Ninety  minutes  after  infection,  the  media 
was  replaced  with  soft  agarose  overlay  media  (Appendix  1;  Green  et  al., 
1967)  and  the  cells  were  incubated  at  37°C,  5%  C02  in  a humidified  atmo- 
sphere. After  two  weeks,  the  plates  were  evaluated  for  the  presence  of 
adenoviral  plaques.  The  titer  of  adenovirus  was  calculated  from  the  number 
of  plaques  at  a given  dilution  and  the  dilution  factor. 


[690] 


Recombinant  DNA  Research,  Volume  16 


Figure  4.1-B.  Evaluation  of  the  replication  potential  of  AvlCFl  DNA  in  HeLa 
cells  by  32P- labelling  of  DNA  after  infection  of  HeLa  cells  by  AvlCFl.  HeLa 
cells  were  grown  to  80%  confluency  in  Dulbecco's  modified  Eagle  medium 
(DMEM)  , 10%  fetal  calf  serum,  1%  glutamine,  100  U/ml  penicillin,  100  /xg/ml 
streptomycin  and  infected  with  AvlCFl  at  a multiplicity  of  infection  (MOI) 
of  10  to  1000  plaque  forming  units  (pfu)  per  cell  (Appendix  1) . After  20 
hr,  the  media  was  replaced  with  phosphate -free  DMEM  containing  32P0*“ 
(Berkner  and  Sharp,  1983)  as  well  as  supplements  described  above.  Following 
a 20  hr  labeling  period,  cells  were  lysed  and  viral  DNA  was  prepared  by  the 
Hirt  extraction  method  (Hirt,  1967).  The  DNA  was  purified  by  proteinase  K 
treatment  and  phenol  extraction,  cleaved  with  EcoRI  and  evaluated  by  aga- 
rose gel  electrophoresis.  Lane  1-  uninfected  control  (note  the  doublet  of 
mitochondrial  DNA).  Lane  2-  positive  control  infection  with  Ad5.  Lane  3- 
AvlCFl  lot  A7-3,  MOI  10;  Lane  4-6,  same  as  lane  1 but  at  MOI  of  30,  100, 
1000  respectively.  Lanes  7-10,  same  as  lanes  3-6,  but  with  AvlCFl  lot  A7-5. 
No  AvlCFl  DNA  replication  was  observed  at  MOI  of  10  or  30 , but  at  higher 
MOI  (100,  1000),  HeLa  will  support  AvlCFl  replication. 
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mutants  (Shenk  et  al. , 1980). 

To  evaluate  whether  DNA  replication  occurs  in  human  airway  epithelium 
following  infection  with  an  E1_E3“  recombinant  adenovirus  vector,  bronchial 
epithelial  cells  were  recovered  by  brushing  via  a bronchoscope  from  nor- 
mals. Interestingly,  and  different  from  that  observed  with  HeLa,  no  AvlCFl 
DNA  replication  was  observed  as  a function  of  time  or  multiplicity  of 
infection  (up  to  1000  pfu/cell)  using  the  32P0<,“  DNA  labeling  technique 
described  above.  In  contrast,  infection  with  the  control  Ad5  virus  did 
result  in  DNA  replication  (Figure  4.1-C). 

As  with  AvlCFl,  infection  of  human  airway  epithelium  with  AdCFTR  (MOI  up  to 
1000  pfu/cell)  and  evaluation  using  32P0A“  DNA  labeling  showed  no  DNA  repli- 
cation (Figure  4.1-D).  In  contrast,  infection  with  the  control  Ad5  virus 
did  result  in  DNA  replication. 

The  conclusion  from  these  studies  is  that  despite  the  observations  of  DNA 
replication  in  HeLa  at  high  MOI,  no  viral  DNA  replication  is  detected  with 
E1~E3“  adenovirus  vectors  of  the  design  of  AvlCFl  and  AdCFTR  in  freshly 
isolated  human  airway  epithelial  cells  even  at  very  high  MOIs  (1000 
pfu/cell)  . To  ensure  that  AdCFTR  will  not  replicate  in  the  respiratory 
epithelial  cells  of  the  individuals  to  be  treated  with  AdCFTR,  the  replica- 
tion potential  of  AdCFTR  will  be  assessed  prior  to  therapy,  with  inclusion 
of  the  individual  only  if  AdCFTR  does  not  replicate  in  autologous  respira- 
tory epithelial  cells  (see  Section  5.4).  To  decrease  the  possibility  that 
complementation  may  occur,  individuals  will  be  screened  for  the  presence  of 
adenovirus  in  the  respiratory  tract  (see  section  4.9)  and  measures  will  be 
taken  to  prevent  adenovirus  infection  by  isolation  before  and  after  therapy 
(see  section  5.6). 

4.2  Does  the  Vector  Express  Viral  Genes  in  Addition  to  the  CFTR  cDNA? 

From  the  design  of  the  vector,  and  from  what  is  known  about  transcriptional 
control  of  the  adenovirus,  it  is  reasonable  to  expect  that  some  viral  genes 
may  be  expressed  following  AdCFTR  infection  of  human  epithelial  cells  but 
at  a low  level.  To  evaluate  the  potential  for  viral  gene  expression  HeLa 
cells  were  infected  (100  pfu/cell)  with  AvlCFl  or  wild  type  virus  Ad5  and 
hexon  mRNA  and  protein  (polypeptide  II,  L3  transcription  unit)  were  exam- 
ined as  a function  of  time  (Figure  4.2-A,  4.2-B).  Hexon  was  chosen  because 
it  is  the  major  capsid  protein  representing  approximately  half  the  total 
protein  content  of  the  virus  (see  section  2.2.1).  As  expected,  HeLa  cells 
infected  with  Ad5  rapidly  produced  large  amounts  of  hexon  protein.  In 
contrast,  hexon  mRNA  was  barely  detectable  in  AvlCFl  infected  cells  and 
only  then  if  the  autoradiograms  were  markedly  over-exposed  (50-fold;  see 
Figure  4.2-A).  Consistent  with  the  hexon  mRNA  data,  immunoprecipitation 
with  an  anti-hexon  antibody  of  35S -methionine  labeled  HeLa  cells  showed  a 
large  amount  of  de  novo  hexon  biosynthesis  soon  after  Ad5  infection.  In 
contrast,  parallel  studies  of  HeLa  infected  with  AvlCFl  showed  detectable, 
but  far  less  hexon  biosynthesis  with  a much  delayed  kinetics  (Figure  4.2- 
B) . The  same  results  were  observed  without  immunoprecipitation  i.e.,  35S- 
methionine  labeled  HeLa  cells  infected  with  Ad5  for  36  hr  previously  (la- 
beling in  the  last  12  hr)  showed  a large  amount  of  de  novo  hexon  biosynthe- 
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Figure  4.1-C.  Evaluation  of  the  replication  potential  of  AvlCFl  DNA  in 
freshly  isolated  normal  human  bronchial  epithelial  (HBE)  cells.  The  repli- 
cation potential  of  AvlCFl  in  HBE  cells  was  evaluated  by  32PC>4,“  labeling  of 
nascent  DNA  after  infection  of  HBE  cells  by  the  recombinant  adenovirus 
AvlCFl.  Human  bronchial  epithelial  cells  were  obtained  at  bronchoscopy 
using  a standard  cytology  brush  (Trapnell  et  al. , 1991a)  and  were  cultured 
in  suspension  in  DMEM,  10%  fetal  bovine  serum,  1%  glutamine,  100  U/ml 
penicillin,  100  /xg/ml  streptomycin  and  infected  with  AvlCFl  at  a MOI  of  100 
pfu/cell  for  48  or  72  hr,  or  at  various  MOIs  (10,  100,  500,  1000  pfu/cell) 
for  48  hrs . The  media  was  replaced  with  phosphate -free  DMEM  containing 
inorganic  32P0A=  and  the  supplements  described  above.  Following  a 20  hr 
labeling  period,  cells  were  lysed  and  viral  DNA  was  prepared  by  the  Hirt 
extraction  method  (Hirt,  1967).  DNA  was  purified  by  proteinase  K treatment 
and  phenol  extraction,  cleaved  with  EcoRI  and  evaluated  by  agarose  gel 
electrophoresis.  No  labeled  viral  DNA  is  seen  in  control,  uninfected  cells 
(lane  1).  As  expected,  infection  by  Ad5  (MOI  = 100)  resulted  in  32P-labeled 
viral  DNA  restriction  fragments  of  the  sizes  expected  for  Ad5  after  48 
(lane  2)  and  72  (lane  3)  hr.  In  contrast,  infection  by  AvlCFl  (MOI  = 100) 
did  not  generate  labeled  DNA  fragments  at  48  hr  (lane  4)  or  72  hr  (lane  5) 
indicating  a lack  of  replication  of  AvlCFl  DNA  in  HBE  cells.  As  a positive 
control  for  the  function  of  AvlCFl,  AvlCFl  infected  cells  showed  CFTR 
protein  detected  by  immunohistochemistry  (not  shown) . As  a positive  control 
for  the  assay,  infection  of  HBE  cells  with  Ad5  MOIs  ranging  from  10  to  1000 
showed  32P-labeled  DNA  restriction  fragments  of  Ad5  (lanes  7-10)  indicating 
replication  of  Ad5  in  HBE  cells.  In  contrast,  infection  of  HBE  cells  with 
AvlCFl  at  MOIs  ranging  from  10  to  1000  showed  no  labeled  DNA  fragments 
(lanes  11-14)  indicating  no  replication  of  AvlCFl  DNA  in  HBE  cells. 
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Figure  4.1-D.  Evaluation  of  the  replication  potential  of  AdCFTR  DNA  in 
freshly  isolated  normal  human  bronchial  epithelial  (HBE)  cells.  The  repli- 
cation potential  of  AdCFTR  in  HBE  cells  was  evaluated  by  32P04“  labeling  of 
nascent  DNA  after  infection  of  HBE  cells  by  the  recombinant  adenovirus 
AdCFTR.  Human  bronchial  epithelial  cells  were  obtained  at  bronchoscopy 
using  a standard  cytology  brush  (Trapnell  et  al.,  1991a)  and  were  cultured 
in  suspension  in  DMEM,  10X  fetal  bovine  serum,  IX  glutamine,  100  u/ml 
penicillin,  100  pg/ml  streptomycin,  2.5  pg/ml  Fungizone  and  infected  with 
AdCFTR  at  a MOI  of  100  pfu/cell  for  48  or  72  hr,  or  at  various  MOIs  (10, 
100,  500,  1000  pfu/cell)  for  48  hrs.  The  media  was  replaced  with  phosphate - 
free  DMEM  containing  inorganic  32POA“  and  the  supplements  described  above. 
Following  a 20  hr  labeling  period,  cells  were  lysed  and  viral  DNA  was 
prepared  by  the  Hirt  extraction  method  (Hirt,  1967).  DNA  was  purified  by 
proteinase  K treatment  and  phenol  extraction,  cleaved  with  EcoRI  and  evalu- 
ated by  agarose  gel  electrophoresis.  As  a positive  control  for  viral  DNA 
replication,  293  cells  were  infected  with  Ad5  or  AdCFTR  (10  pfu/cell), 
labeled  simultaneously  with  32P0<,=  for  16  hr,  and  then  processed  as  above. 

No  viral  DNA  is  seen  in  control  uninfected  293  cells  (lane  1) . As  expected, 
infection  with  Ad5  resulted  in  three  32P- labeled  viral  DNA  restriction 
fragments  of  the  predicted  sizes  for  Ad5  (lane  2;  27  kb,  5 . 6 kb , and  2.7 
kb).  Infection  by  AdCFTR  resulted  in  four  32P-labeled  viral  DNA  restriction 
fragments  of  the  predicted  sizes  for  AdCFTR  (lane  3;  25  kb,  6.4  kb,  3.3  kb 
and  1.5  kb).  The  doublet  of  mitochondrial  DNA  is  indicated  by  "M"  . No 
labeled  viral  DNA  is  seen  in  control,  uninfected  HBE  cells  (lane  4).  As 
expected,  infection  by  Ad5  (MOI  = 100)  resulted  in  32P-labeled  viral  DNA 
restriction  fragments  of  the  sizes  expected  for  Ad5  after  48  (lane  5)  and 
72  (lane  6)  hr.  In  contrast,  infection  by  AdCFTR  (MOI  = 100)  did  not  gener- 
ate labeled  DNA  fragments  at  48  hr  (lane  7)  or  72  hr  (lane  8)  indicating  a 
lack  of  replication  of  AdCFTR  DNA  in  HBE  cells.  As  a positive  control  for 
the  assay  in  HBE  cells,  infection  of  HBE  cells  with  Ad5  at  MOIs  ranging 
from  10  to  1000  showed  32P-labeled  DNA  restriction  fragments  of  Ad5  (lanes 
9-13)  indicating  replication  of  Ad5  in  HBE  cells.  In  contrast,  Infection  of 
HBE  cells  with  AdCFTR  at  MOIs  ranging  from  10  to  1000  showed  no  labeled  DNA 
fragments  (lanes  14-17)  indicating  no  replication  of  AdCFTR  DNA  in  HBE 
cells . 
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Figure  4.1-D 


Figure  4.2-A.  Evaluation  of  human  epithelial  (HeLa)  cells  for  the  expres- 
sion of  adenoviral  mRNA  transcripts  following  infection  with  AvlCFl.  The 
expression  of  adenovirus  genes  after  infection  of  HeLa  cells  by  the  recom- 
binant adenovirus  AvlCFl  was  examined  for  the  expression  of  mRNA  coding  for 
the  adenoviral  hexon  gene  using  northern  analysis.  HeLa  cells  were  grown  to 
80%  confluency  in  Dulbecco's  modified  Eagle  medium,  10%  fetal  calf  serum, 

1%  glutamine,  100  U/ml  penicillin,  100  pg/ml  streptomycin  and  infected  at 
100  pfu  per  cell.  After  4 days  total  RNA  was  extracted  (Chirgwin  et  al., 
1979)  and  evaluated  by  northern  hybridization  analysis  using  as  a probe  a 
400  bp  region  of  the  hexon  gene.  Ad  hexon  mRNA  was  not  detected  in  unin- 
fected 293  cells  (lane  1)  or  in  uninfected  HeLa  cells  after  short  exposure 
(0.5  hr,  lane  4)  or  long  exposure  (25  hr,  lane  7).  In  contrast,  Ad  hexon 
mRNA  was  observed  in  293  cells  infected  either  by  Ad-dl327  (lane  2)  or 
AvlCFl  (lane  3).  HeLa  cells  infected  by  Ad-dl327  showed  easily  detectable 
levels  of  Ad  hexon  mRNA  on  short  (lane  5)  and  long  (lane  8)  exposure.  In 
contrast,  HeLa  cells  infected  by  AvlCFl  showed  no  Ad  hexon  mRNA  on  short 
exposure  (lane  6)  but,  on  long  exposure  (lane  9)  small  amounts  were  pres- 
ent. 
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Figure  4.2-A 
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Figure  4.2-B.  Evaluation  of  human  epithelial  (HeLa)  cells  for  the  expres- 
sion of  adenovirus  protein  following  infection  with  AvlCFl.  The  expression 
of  adenovirus  genes  after  infection  of  HeLa  cells  by  the  recombinant  adeno- 
virus AvlCFl  was  examined  at  the  level  of  protein  expression  by  evaluating 
the  presence  of  adenovirus  hexon  protein  with  and  without  immunoprecipita- 
tion.  HeLa  cells  were  grown  to  80%  confluency  in  Dulbecco's  modified  Eagle 
medium,  10%  fetal  calf  serum,  1%  glutamine,  100  U/ml  penicillin,  and  100 
/ig/ml  streptomycin,  and  infected  with  AvlCFl  at  a multiplicity  of  infection 
(MOI)  of  100  plaque  forming  units  (pfu)  per  cell  as  previously  described 
(Appendix  1) . The  cells  were  washed  twice  with  cold  phosphate  buffered 
saline  (PBS,  pH  7.4)  and  labeled  with  [ 35S ] methionine  (1000  /xCi/mmole,  100 
/xCi/ml)  for  24  hr.  Following  the  labeling  period,  cells  were  washed  in  PBS, 
and  lysed  in  buffer  containing  antiproteases  (see  Appendix  1 for  details) . 
The  cell  lysate  was  cleared  of  debris  by  brief  (10  min)  centrifugation  in  a 
microfuge . The  cleared  cell  lysate  was  evaluated  by  immunoprecipitation 
using  an  anti-Ad5  hexon  antibody  (gift  of  Bartels,  Inc.).  Following 
immunoprecipitation  of  equivalent  amounts  of  trichloroacetic  acid  precipi- 
table  radioactivity  from  each  sample,  labeled  proteins  were  evaluated  by 
sodium  dodecyl  sulfate  acrylamide  gels  and  autoradiography.  As  a control, 
no  Ad  hexon  protein  could  be  precipitated  from  uninfected  HeLa  cells  col- 
lected from  1 to  7 days  following  infection.  In  contrast,  after  infection 
of  HeLa  cells  with  Ad-dl327,  Ad  hexon  protein  was  readily  detected  early 
(day  1)  and  expression  increased  significantly  (day  2) . Further  evaluations 
could  not  be  made  with  Ad-dl327  due  to  lytic  infection  of  the  cells  by  this 
virus.  After  infection  of  HeLa  cells  with  AvlCFl,  no  Ad  hexon  protein  could 
be  seen  early  (day  1-2,  a time  when  abundant  expression  could  be  seen  with 
Ad-dl327) . Small  amounts  of  expression  of  Ad  hexon  was  subsequently  detect- 
able (day  3),  peaked  (day  4)  and  declined  thereafter  (days  5-7). 
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sis  (immunoprecipitation  is  not  necessary  because  the  hexon  band  is  dis- 
tinct on  the  SDS  gels).  In  contrast,  parallel  studies  of  HeLa  Infected  with 
AdCFTR  showed  detectable,  but  far  less  hexon  biosynthesis  (not  shown). 

Interestingly,  whereas  infection  of  freshly  isolated  normal  human  bronchial 
epithelial  cells  showed  de  novo  hexon  biosynthesis  following  infection  with 
wild  type  (Ad5)  virus,  hexon  biosynthesis  was  not  detectable  in  parallel 
cultures  of  these  cells  infected  with  AvlCFl,  i.e.,  if  hexon  gene  expres- 
sion does  occur  in  human  bronchial  epithelium  following  AvlCFl  infection, 
it  is  at  a very  low  level  (Figure  4.2-C).  These  differences  between  HeLa 
and  human  respiratory  epithelium  are  consistent  with  the  observations  of 
AvlCFl  DNA  replication  (section  4.1).  Similar  results  were  observed  without 
immunoprecipitation  i.e.,  35S -methionine  labeled  freshly  isolated  normal 
human  bronchial  epithelial  cells  infected  with  the  Ad5  for  36  hr  previously 
(labeling  in  the  last  12  hr)  showed  a large  amount  of  de  novo  hexon  biosyn- 
thesis (immunoprecipitation  is  not  necessary  because  the  hexon  band  is 
distinct  on  the  SDS  gels).  In  contrast,  parallel  studies  of  human  bronchial 
epithelial  cells  infected  with  AdCFTR  showed  no  detectable  hexon  biosynthe- 
sis (not  shown) . 

The  conclusion  from  these  studies  is  that  at  least  one  viral  gene  (e.g., 
hexon)  other  than  the  CFTR  cDNA  can  be  expressed  (e.g.,  in  HeLa  cells),  but 
at  low  levels,  and  that  in  the  true  target  cells  for  the  protocol  (respira- 
tory epithelial  cells) , if  hexon  is  expressed,  expression  must  be  at  a very 
low  level. 

4.3  Is  Respiratory  Infection  With  the  Vector  Associated  With  Transfer  of 
the  Exogenous  Gene  to  the  Germ  Line? 

The  purpose  of  this  protocol  is  to  assess  somatic  gene  transfer  to  respira- 
tory epithelial  cells  to  treat  the  respiratory  manifestations  of  CF.  The 
endogenous  CFTR  gene  is  widely  expressed,  with  some  CFTR  mRNA  in  almost  all 
organs  and  cells  evaluated,  albeit  at  very  low  levels  in  some  (Trapnell  et 
al.,  1991a;  Yoshimura  et  al . , 1991a).  Expression  in  the  gonads  has  been 
observed  (Trezise  et  al . , 1991;  J.  Whitsett,  personal  communication).  From 
informal  studies  with  E1"E3~  recombinant  Ad-based  vectors  carried  out  to 
date,  transfer  of  the  vector  directly  to  an  organ  (e.g.,  liver)  has  not 
been  associated  with  transfer  of  the  exogenous  gene  to  other  organs,  in- 
cluding the  gonads  (Jaffe  et  al . , 1992).  Formal  studies  are  ongoing  to 
evaluate  this  with  respiratory  tract  administration  of  AdCFTR. 

In  males  with  CF  the  question  of  the  potential  for  germ  line  transfer  is 
moot  because  almost  all  are  sterile  (Boat  et  al . , 1989;  Denning  et  al . , 
1968;  Kaplan  et  al . , 1968).  To  insure  that  germ  line  transmission  is  not 
possible  In  the  males  in  the  protocol,  males  will  have  to  have  documented 
sterility  to  be  included  in  the  protocol.  Infertility  does  occur  in  females 
with  CF,  but  it  is  difficult  to  document  clinically.  To  insure  that  germ 
line  transmission  is  not  possible  in  the  females  in  the  protocol,  the 
females  to  be  included  in  the  protocol  will  have  to  have  definite  documen- 
tation of  the  absence  of  the  ovaries  and/or  uterus  (see  Section  5.4). 
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Figure  4.2-C.  Evaluation  of  freshly  isolated  normal  human  bronchial  epithe- 
lial cells  for  the  expression  of  adenovirus  protein  following  infection 
with  AvlCFl.  The  expression  of  adenovirus  genes  after  infection  of  human 
bronchial  epithelial  cells  by  the  recombinant  adenovirus  AvlCFl  was  exam- 
ined at  the  level  of  protein  expression  by  evaluating  for  the  presence  of 
adenovirus  Ad  hexon  protein  with  and  without  immunoprecipitation.  Human 
bronchial  epithelial  cefls  were  obtained  at  bronchoscopy  using  a standard 
cytology  brush  as  previously  described  (Trapnell  et  al.,  1991a)  and  were 
cultured  in  suspension  in  Dulbecco's  modified  Eagle  medium,  10%  fetal  calf 
serum  (FBS) , 1%  glutamine,  100  U/ml  penicillin,  and  100  /zg/ml  streptomycin, 
and  infected  with  AvlCFl  at  a multiplicity  of  infection  (MOI)  of  100  plaque 
forming  units  (pfu)  per  cell  in  medium  as  above  except  the  FBS  was  2% . 

After  90  minutes , FBS  was  brought  to  10%  and  the  cells  were  cultured  for  3 
days.  The  cells  were  washed  twice  with  cold  PBS  and  labeled  with  [35S] 
methionine  (1000  Ci/mmole,  500  /iCi/ml)  for  24  hr.  Following  the  labeling 
period,  cells  were  washed  in  PBS,  and  lysed  in  buffer  containing 
antiproteases  (see  Appendix  1 for  details).  The  cell  lysate  was  cleared  of 
debris  by  brief  (10  min)  centrifugation  in  a microfuge.  The  cleared  cell 
lysate  was  subjected  to  sodium  dodecyl  sulfate  acrylamide  gel  electropho- 
resis and  autoradiography.  Cleared  lysate  was  also  subjected  to 
immunoprecipitation  using  an  anti-Ad5  hexon  antibody  and  protein  A.  Ad 
hexon  protein  was  not  seen  in  uninfected  cells  in  the  absence  (lane  1)  or 
presence  of  immunoprecipitation  (lane  4) , but  was  abundantly  expressed  in 
cells  infected  by  Ad5  with  (lane  2)  and  without  (lane  5) 

immunoprecipitation.  Ad  hexon  protein  could  not  be  detected  after  AvlCFl 
infection  of  cells  either  without  (lane  3)  or  with  immunoprecipitation 
(lane  6).  As  further  controls,  while  Ad  hexon  could  not  be  detected  in 
uninfected  293  cells  (lane  7),  hexon  was  easily  detected  after  only  1 day 
after  infection  by  either  Ad5  (lane  8)  or  AvlCFl  (lane  9). 
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Figure  4.2-C 
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4.4  Is  Respiratory  Administration  of  the  Vector  Associated  Vith  Damage  to 
the  Lung? 

From  what  is  known  about  adenoviruses  in  general,  it  is  possible  that  the 
vector  will  damage  the  respiratory  epithelium  (or  other  lung  components). 
This  might  take  place  through:  (1)  direct  injury  mediated  by  structural 
components  of  the  virus  [e.g.,  by  penton  "injury"  to  the  cells  as  occurs 
with  high  MO I in  culture  (Everett,  1958;  Pereira,  1958;  Petterson,  1984)]; 
(2)  injury  mediated  by  replication  of  the  virus,  expression  of  viral  genes, 
or  expression  of  the  CFTR  cDNA;  and  (3)  injury  mediated  via  the  inflammato- 
ry/ immune  system. 

To  evaluate  the  possibility  of  damage  by  an  E1“E3“  recombinant  adenovirus 
vector  (through  whatever  mechanism),  a series  of  studies  have  been  carried 
out  in  cotton  rats  and  nonhuman  primates. 

One  time  intratracheal  administration  of  AvlCFl  (109  pfu/kg)  to  cotton  rats 
(experiment  CRC.002)  resulted  in  no  deaths  over  a 10  day  period  of  observa- 
tion (AvlCFl  n=17 , vehicle  n=15 , naive  n=ll) . Animals  were  sacrificed  at 
day  3 (AvlCFl  n=6 , vehicle  n=5 , naive  n=5) , or  at  day  10  (AvlCFl  n=3 , 
vehicle  n=2 , naive  n=5) . Morphologic  assessment  at  day  3 showed  the  AvlCFl 
group  had  a patchy  lymphocyte -dominated  inflammatory  reaction  in  the 
bronchoalveolar  area.  There  was  increased  intensity  at  day  10,  with  in- 
flammation localized  around  the  vasculature,  and,  to  a lesser  extent,  the 
airways.  There  were  no  morphologic  abnormalities  observed  in  the  cells  of 
the  airway  or  alveolar  epithelium.  The  vehicle  group  showed  a very  mild 
inflammatory  reaction  at  day  3 which  disappeared  by  day  10.  The  naive 
animals  showed  no  changes . 

A similar  study  with  one  time  intra-nasal  administration  of  AvlCFl  (1010 
pfu/kg)  (experiment  CRCW.003)  demonstrated  a similar  pattern  over  a 7 day 
period  of  observation  (AvlCFl  n=26,  vehicle  n=22,  naive  n=12) . There  was 
one  death  in  the  AvlCFl  group  (day  4)  and  one  death  in  the  vehicle  group 
(day  5).  The  animals  were  sacrificed  at  day  3 (AvlCFl  n=3 , vehicle  n=3 , 
naive  n=3)  and  day  7 (AvlCFl  n=3 , vehicle  n=2 , naive  n=3) . Morphologic 
assessment  was  similar  to  the  first  group  of  animals  (experiment  CRC.002) 
with  the  exception  that  some  of  the  AvlCFl  infected  animals  also  showed  a 
very  mild  increase  in  the  size  of  type  II  alveolar  epithelial  cells. 

In  another  study  (CRC.008),  single  nasal  administration  of  AvlCFl  to  cotton 
rats  (4.3xl010  pfu/kg)  is  being  compared  to  Ad5  (1.6xl010  pfu/kg).  Animals 
will  be  evaluated  at  1 hour  and  3,  7,  14,  and  28  days  after  infection  and 
the  two  infected  groups  compared  to  naive  animals  in  the  same  cages  ("ca- 
nary" group)  as  well  as  to  animals  receiving  vehicle  alone.  After  4 weeks, 
there  were  no  deaths  in  the  AvlCFl  group  (0/4  evaluated  at  3 days,  0/4 
evaluated  at  7 days,  and  0/4  evaluated  at  14  days,  0/4  evaluated  at  28 
days).  In  contrast,  there  were  5/16  deaths  in  the  Ad5  group.  There  were  no 
deaths  in  the  "canary"  group  (0/3  of  the  3 day  group,  0/3  of  the  7 day 
group,  0/3  of  the  14  day  group,  0/3  of  the  28  day  group)  or  the  vehicle 
group  (0/2  of  the  3 day  group,  0/2  of  the  7 day  group,  0/2  of  the  14  day 
group,  0/2  of  the  28  day  group).  By  7 to  14  days,  the  animals  receiving 
AvlCFl  showed  a mild  to  moderate  inflammatory  reaction  in  the  airways  and 
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alveoli.  However,  by  4 weeks,  this  had  resolved,  with  only  few  areas  of 
very  mild  inf  lamination  in  the  alveoli.  In  contrast,  animals  receiving  Ad5 
had  inflammation,  edema  and  epithelial  damage,  with  mild  to  moderate  in- 
flammation persisting  at  4 weeks.  Studies  are  ongoing  to  evaluate  serum 
antibodies  and  shedding  (pharyngeal,  rectal). 

To  determine  if  these  responses  to  the  replication  deficient  recombinant 
adenovirus  were  transient  or  permanent,  in  a limited,  anecdotal  evaluation 
(CR.007)  of  remaining  animals  from  a prior  study  in  which  cotton  rats 
received  intratracheal  Ad-CFTR  1011  pfu/kg,  the  lungs  of  cotton  rats  admin- 
istered Ad-CFTR  16  weeks  previously  were  evaluated  by  morphology.  Consis- 
tent with  the  concept  that  the  inflammatory  response  in  cotton  rats  associ- 
ated with  respiratory  administrations  of  Ad-CFTR  (n=3)  does  not  persist, 
morphologic  assessment  demonstrated  they  were  no  different  than  the  lungs 
of  animals  receiving  intratracheal  vehicle  (n=2)  or  a naive  animal  from  the 
same  group  (n=l) . Further  evaluation  of  the  parenchyma  of  these  animals 
demonstrated  no  difference  among  the  3 groups,  with  no  edema  and/or  changes 
in  epithelial  cells  in  either  the  airways  or  the  alveoli. 

With  the  same  batch  of  AdCFTR,  1011  pfu/kg  was  administered  intratracheally 
to  4 cotton  rats  and  in  parallel,  compared  to  vehicle  (n=4)  and  naive 
animals  (n=2) . (CR.007A).  As  with  intratracheal  administration  with  AvlCFl 
(CRC.002),  over  10  days,  there  were  no  deaths.  The  inflammatory  response  in 
the  AdCFTR  group  was  similar  to  that  of  several  with  AvlCFl  (CRC.002). 

To  determine  if  a replication  deficient  recombinant  adenovirus  has  lethal 
effects  when  administered  to  the  respiratory  tract  of  cotton  rats,  increas- 
ing amounts  of  AvlCFl  were  administered  by  the  nasal  route  to  cotton  rats 
in  comparison  to  Ad5  (CRLD50.010)  (Figure  4.4-A).  Evaluation  over  a period 
of  52  days  demonstrated  no  deaths  in  cotton  rats  receiving  106  pfu/animal 
(n=4) , 5X106  (n=4) , 107  (n=4) , 5X107  (n=4;  except  for  2 animals  that  died 
at  28d  and  42d  post  administration  following  fights  with  other  animals) , 

108  (n=4) , 5X109  (n=4) , 1010  (n=4)  and  5xl010  (n=4) . In  contrast,  there  were 
deaths  in  animals  receiving  Ad5  in  a dose  response  fashion,  as  has  been 
observed  by  others  (G.  Prince,  NIAID,  personal  communication).  The  data  for 
the  Ad5  animals  by  day  50  included:  107  pfu/animal  (n=4,  0 deaths),  5X107 
(n=4,  0 deaths),  108  (n=4,  0 deaths),  5X108  (n=4,  0 deaths),  109  (n=4,  0 
deaths),  5X109  (n=4,  1 death  day  6,  1 death  day  11),  1010  (n=4,  2 deaths 
day  4,  1 death  day  7),  and  4X1010  (n=4,  2 deaths  day  4,  1 death  day  9,  1 
death  day  11) . 

From  these  studies  it  can  be  concluded  that  there  are  inflammatory/immune 
responses  to  respiratory  administration  of  a replication  deficient, 
recombinant  adenovirus  with  the  design  used  in  this  protocol.  This  response 
is  not  lethal.  The  data  suggest  that  the  inflammation  does  not  persist,  and 
that  no  chronic  changes  are  observed  in  the  respiratory  epithelium  in  re- 
sponse to  the  vector. 

To  evaluate  the  recombinant  adenovirus  related  inflammatory  response  ob- 
served in  cotton  rats  in  a context  closer  to  humans , nonhuman  primates  were 
exposed  via  the  large  airways  to  AdRSV./9gal,  a vector  similar  to  Ad-CFTR 
except  for  the  promoter  (Rous  sarcoma  virus  long  terminal  repeat)  and  the 
exogenous  gene  (E.  coli  lacZ  coding  for  /9-galactosidase)  (see  Appendix  2 
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% survival 


Figure  4.4-A.  Comparison  of  AvlCFl  and  Ad5  for  lethal  effects  on  cotton 
rats  following  intranasal  administration.  A.  Increasing  doses  of  AvlCFl 
were  administered  by  the  intranasal  (I.N.)  route  and  the  animals  followed 
for  52  days.  B.  Same  for  Ad5  followed  over  50  days.  Ordinate:  X survival. 
The  numbers  of  animals  in  each  group  are  described  in  the  text.  * - in  the 
AvlCFl  group,  2 animals  receiving  5 x 107  pfu  died  after  fights  with  other 
animals . 
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for  details).  Rhesus  (5. 1-8. 3 kg)  were  exposed  to  AdRSV./9gal  (2-6xl09 
pfu/kg,  n=6)  or  vehicle  (as  controls,  n=3)  (rhesus  study  1C  pre-challenge 
phase,  2C  pre-challenge  phase,  and  3C) . The  animals  have  been  followed  for 
21  to  135  days  (day  21-2  treated,  1 control;  day  28-2  treated,  1 con- 
trol; day  135  - 2 treated,  1 control).  No  deaths  have  occurred.  There  were 
no  observed  changes  in  any  animals  or  between  the  groups  in:  general  behav- 
ior, physical  exam,  vital  signs,  complete  blood  counts,  detailed  serum 
chemistries,  arterial  blood  gases,  chest  X-ray  and  lung  compliance  (all 
parameters  evaluated  before  day  0 and  at  days  0,  3,  7,  14,  21,  28  and  then 
at  2 weekly  intervals).  For  the  animals  evaluated  up  to  21  and  28  days, 
bronchoalveolar  lavage  was  carried  out  at  day  0,  3,  7,  14,  21  or  28.  There 
was  no  difference  in  the  numbers  or  type  of  inflammatory  cells  recovered 
(animals  compared  to  controls)  and  all  parameters  remained  within  the 
normal  range. 

A similar  study  is  presently  ongoing  in  rhesus  receiving  AvlCFl  (2xl010/kg 
to  the  right  mainstem  bronchus;  n=4  treated;  n=l  control)  (rhesus  study  4C 
pre - challenge , 5C  pre - challenge) . After  3 months  all  animals  are  alive  and 
there  is  no  change  in  their  general  behavior,  physical  exam,  vital  signs, 
complete  blood  counts,  detailed  serum  chemistries,  arterial  blood  gases, 
chest  X-ray,  and  lung  compliance.  Bronchoalveolar  lavage  was  done  on  days 
0,  3,  7,  14,  21,  28,  42,  56  and  83.  There  were  no  significant  differences 
between  control  and  treated  animals  in  cell  number  or  types  of  inflammatory 
cells  recovered. 

From  the  studies  in  nonhuman  primates,  it  appears  that  no  significant 
inflammatory  response  occurs  on  the  respiratory  epithelial  surface  follow- 
ing respiratory  administration  of  a recombinant  adenovirus  over  a 3 to  4 
week  period.  Consistent  with  these  observations,  there  are  no  changes  in 
any  clinical  parameters  including  those  related  to  the  lung.  Although  it  is 
possible  that  vector  administration  to  the  rhesus  did  have  a non- epithelial 
(e.g.,  blood  vessel  or  airway  interstitial)  inflammatory  response  not  de- 
tected by  the  lavage,  the  lack  of  any  abnormalities  in  clinical  parameters 
suggests  that  there  may  be  species  to  species  variations  in  the  responses 
to  the  vector.  Further,  if  inflammatory  responses  do  occur,  they  do  not 
appear  to  have  significant  clinical  relevance. 

From  the  available  data  it  is  impossible  to  determine  whether  the  individu- 
al with  mild  to  moderate  CF  will  respond  to  respiratory  administration  of 
the  vector  in  a fashion  closer  to  the  cotton  rat  or  to  the  rhesus.  Further, 
if  there  is  a transient  inflammatory  response,  it  should  be  put  in  context 
that  the  airways  of  individuals  with  CF  are  chronically  inflamed,  with  a 
neutrophil-dominated  inflammatory  process  that  is  very  intense,  far  beyond 
that  of  any  other  chronic  disorder.  Quantitative  assessment  of  this  inflam- 
mation can  be  obtained  by  bronchial  brush  (to  assess  the  epithelium) 
and  bronchoalveolar  lavage  (to  assess  the  inflammation  in  the  epithelial 
lining  fluid).  The  results  demonstrate  a marked  neutrophil - dominated  in- 
flammation in  the  airway  epithelium  of  individuals  with  CF  (Table  4.4-A). 

It  is  unlikely  that  this  ongoing  chronic  inflammation  will  be  significantly 
influenced  by  a transient  response  to  the  vector  should  it  occur. 

4.5  Are  Anti-Vector  Antibodies  Elicited  by  Respiratory  Administration  of 
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the  Vector? 


There  have  been  several  studies  to  evaluate  whether  replication  competent 
adenovirus  administered  to  the  human  respiratory  tract  (usually  nasal)  will 
result  in  anti -adenovirus  antibodies  (see  Table  5.2-A  in  section  5).  Howev- 
er, although  anti -adenovirus  antibodies  may  develop,  experimental  animal 
studies  suggest  the  respiratory  route  is  not  a very  effective  route  to 
achieve  immunization  against  recombinant  proteins.  For  example,  recent 
studies  by  B.  Murphy  (NIAID,  personal  communication)  in  rhesus  showed  that 
intratracheal  administration  of  108  TCID50  of  a recombinant  replication 
competent  adenovirus  containing  the  exogenous  respiratory  syncytial  virus 
(RSV)  F protein  gene  in  the  E3  position  elicited  significant  anti-adenovi- 
rus antibodies  in  blood,  but  not  anti-RSV-F  protein  antibodies  in  lung. 

Consistent  with  studies  of  adenovirus  administration  to  humans,  studies  in 
cotton  rats  receiving  intratracheal  Ad-CFTR  elicited  anti -adenovirus  anti- 
bodies in  serum  (Figure  4.5-A).  By  day  7,  anti-Ad-CFTR  antibodies  were 
readily  detectable  in  serum  and  remained  detectable  for  at  least  4 months. 
Similar  studies  have  been  carried  out  to  evaluate  serum  anti -adenovirus 
antibodies  associated  with  a single  respiratory  tract  administration  of 
AvlCFl  compared  to  Ad5  (Figure  4.5-B).  The  pattern  of  anti -adenovirus 
antibodies  elicited  in  serum  was  similar  to  that  observed  with  respiratory 
administration  of  AdCFTR  (Figure  4.5-A). 

To  determine  the  antibody  response  to  an  adenovirus  type  5 -based  replica- 
tion deficient  adenovirus  vector  in  non-human  primates,  a recombinant 
adenovirus  containing  the  E.  coli  lacZ  gene  (AdRSV . /9gal)  was  administered 
to  the  large  airways  of  rhesus  monkeys  (rhesus  study  1C  and  2C) . Two  con- 
trols (receiving  vehicle)  and  4 adenovirus  vector  treated  animals  were 
evaluated.  Adenovirus  was  delivered  to  the  right  mains tem  bronchus  at  days 
0 and  then  again  at  days  21  or  28.  Animals  were  serially  evaluated  at  day 
3,  then  weekly  for  one  month,  then  bi-weekly,  then  monthly,  for  up  to  187 
days.  Serum  antibody  to  adenovirus  type  5 was  assayed  by  serum  neutraliza- 
tion of  adenovirus  type  5 using  A549  cells.  Control  animals  (receiving 
vehicle)  did  not  have  an  increase  in  serum  neutralization  titers.  Treated 
animals  had  the  following  responses:  one  of  four  animals  had  a marked  rise 
in  titer  from  <1:10  to  1:40  after  14  days;  one  animal  did  not  have  a rise 
in  serum  titers  until  after  a second  dose  of  AdRSV. /3gal;  the  remaining  two 
animals  did  not  have  any  elevation  of  titer  throughout  the  study  period. 

All  titers  fell  to  1:10  or  lower  35  days  after  the  second  dose  except  in 
one  animal  in  which  the  titer  remained  elevated  at  1:80  at  day  124.  In 
group  3C,  the  control  had  no  increase  in  neutralizing  titer  over  baseline; 
in  the  2 treated  animals,  1 had  no  increase,  and  the  other  had  a sustained 
increased  titer  of  1:10. 

Similar  to  studies  evaluating  the  antibody  response  to  AdRSV. /9gal,  the 
serum  neutralization  titers  were  determined  after  AvlCFl  (1010  pfu/kg)  was 
administered  to  the  large  airways  of  rhesus  monkeys  (rhesus  studies  4C  and 
5C) . In  rhesus  study  4C , vehicle  (n=l)  or  AvlCFl  (n=2)  was  delivered  to  the 
right  mainstem  bronchus  at  day  zero.  Animals  were  evaluated  weekly  for  42 
days,  then  biweekly,  for  up  to  83  days  for  serum  neutralization  titers.  The 
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Figure  4.5-A.  Cotton  rat  serum  anti-adenovirus  antibody  titers  following 
respiratory  tract  delivery  of  Ad-CFTR,  a replication  deficient,  recombinant 
adenovirus  vector  containing  the  human  CFTR  cDNA.  Controls  are  presented  as 
open  symbols  (□  untreated;  A intratracheal  administration  of  vehicle  on  day 
0;  o intratracheal  administration  of  vehicle  on  day  0 and  day  7).  Animals 
receiving  Ad-CFTR  are  presented  as  closed  symbols  (a  intratracheal  adminis- 
tration of  Ad-CFTR  on  day  0;  • intratracheal  administration  of  Ad  CFTR  on 
day  0 and  vehicle  on  day  7) . Animals  were  sacrificed  and  serum  obtained  at 
the  indicated  time  points.  Anti -adenovirus  antibodies  were  determined  by 
enzyme  linked  immunosorbent  assay  (ELISA).  Briefly,  96  well  ELISA  plates 
were  coated  overnight  with  Ad-CFTR  at  4°;  after  washing  [with  phosphate 
buffered  saline  containing  0.05%  Tween-20  (PBS -Tween) ] , serial,  4-fold 
dilutions  of  serum  [in  phosphate  buffered  saline  containing  1%  fetal  bovine 
serum  (PBS-1%FBS)]  were  added  and  the  plates  incubated  overnight  at  4°. 

Plates  were  washed  with  PBS -tween  and  incubated  with  a rabbit  anti-cotton 
rat  IgG  serum  (gift  of  Dr.  B.  Murphy,  NIAID)  for  5 hr  at  4°.  Plates  were 
washed  with  PBS-tween  and  incubated  with  goat  anti-rabbit  alkaline  phospha- 
tase conjugate  overnight  at  4°.  Plates  were  then  washed  with  PBS-tween, 
developed  for  one  hour  with  p-nitrophenyl  phosphate,  disodium- 6 -H20 , and 
optical  density  was  determined  at  405  nm  in  an  ELISA  plate  reader.  Back- 
ground, determined  from  samples  assayed  as  above  on  wells  left  uncoated 
with  virus,  was  subtracted  and  titers  determined.  Standardization  was 
insured  by  the  evaluation  of  standard  positive  and  negative  controls  on 
each  plate.  Data  is  expressed  as  the  inverse  maximum  dilution  at  which 
detectable  signal  over  negative  control  was  detected.  All  data  points 
indicate  the  mean  of  two  independent  determinations  of  serum  from  a single 
cotton  rat. 
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Figure  4.5-B.  Cotton  rat  serum  anti-adenovirus  titers  following  nasal 
administration  of  AvlCFl  compared  to  Ad5 . The  controls  included  administra- 
tion of  vehicle  and  animals  that  are  untreated  but  housed  in  proximity  to 
the  treated  animals  ("canary"). 
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control  animal  administered  glycerol  containing  buffer  had  no  rise  in  serum 
neutralizing  titer  at  any  time.  One  of  the  animals  receiving  AvlCFl  had  an 
increase  in  titer  (<1:10  to  1:10)  after  7 days  which  remained  elevated 
(1:40)  for  at  least  83  days.  This  animal  had  a minimally  elevated  titer 
(1:10)  pretreatment  which  may  indicate  unknown  prior  exposure  to  human 
adenovirus,  or  cross -reacting  virus. 

In  rhesus  study  5C,  AvlCFl  (n=2)  was  delivered  to  the  right  mains tem  bron- 
chus at  day  zero,  followed  by  Ad  5 (10*  pfu/kg)  delivered  to  the  mainstem 
bronchus  at  day  7.  An  additional  2 animals  received  only  Ad  5 (same  dose) 
at  day  7.  Serum  neutralization  titers  did  not  rise  in  either  animal  admin- 
istered only  Ad5 . However,  similar  to  the  response  seen  in  one  animal  in 
group  2C  administered  a second  dose  of  AdRSV./3gal,  both  animals  in  group  4C 
who  received  AvlCFl  followed  by  Ad5  did  not  have  an  increase  in  serum 
neutralization  titer  until  after  Ad5  was  administered.  Titers  in  these 
animals  rose  to  1:20  to  1:40  and  remained  elevated  for  at  least  56  days, 
but  fell  to  <1:10  at  83  days. 

In  summary,  airway  administration  of  a recombinant,  replication  deficient 
adenovirus  vector  results  in  increase  in  serum  antibodies  in  cotton  rats 
against  adenovirus  for  at  least  4 months.  In  rhesus,  serum  neutralization 
antibodies  to  Ad5  are  observed  after  10  days  with  a fall  in  titer  after  50 
days.  Repeat  administration  of  vector  within  one  month  prolongs  the  period 
of  elevation  of  the  neutralization  titer.  From  these  data,  and  from  the 
accumulated  data  of  respiratory  tract  administration  of  adenovirus  in 
humans,  it  is  reasonable  to  assume  that  administration  of  AdCFTR  to  the 
nasal  and  bronchial  epithelium  of  individuals  with  CF  will  elicit 
antibodies  in  blood  against  adenovirus  components  of  AdCFTR.  Until  the 
studies  are  carried  out  in  individuals  with  CF,  it  is  not  possible  to 
predict  the  local  anti -AdCFTR  response,  if  any.  This  is  particularly  true 
because  the  epithelial  milieu  in  the  CF  lung  is  very  hostile  to  proteins 
such  as  immunoglobulins  (see  Section  4.4  and  references  Fick  et  al . , 1984). 

If  such  humoral  immunity  is  induced  in  the  individuals  receiving  AdCFTR  it 
may  (or  may  not)  have  consequences  for  future  therapy  with  AdCFTR.  This  is 
discussed  in  Section  4.6,  5.2  and  5.6. 

4.6  Does  Repeat  Administration  of  the  Vector  Pose  a Risk? 

The  protocol  is  specifically  designed  to  evaluate  a one  time  administration 
of  the  vector  (once  to  the  nasal  epithelium,  and  once  to  the  bronchial 
epithelium  one  day  later),  not  repetitive  dosing.  There  are  several  reasons 
for  this  (see  Section  5.2  constraints  that  dictate  design  of  the  protocol). 
Most  importantly,  there  is  no  way  of  estimating  the  dose  and  intervals 
between  dosing  without  determining  the  "pharmacokinetics"  of  the  biologic 
and  clinical  efficacy  parameters  following  a one  time  administration.  Fur- 
ther, it  is  conceivable  that  the  efficacy  will  be  long  lasting  and  that 
chronic  therapy  will  only  need  very  infrequent  intervals . 

Despite  this,  looking  toward  the  future,  it  is  relevant  to  ask  whether 
repeat  administration  of  the  vector  poses  a risk  to  the  individual  should 
this  study  demonstrate  it  will  be  required  in  the  future. 
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To  begin  to  evaluate  this  question,  cotton  rats  were  administered  AvlCFl 
(intratracheal  109  pfu/kg) . Ten  days  later,  the  animals  were  challenged 
with  the  same  dose  of  intratracheal  AvlCFl,  and  4 days  later  the  animals 
were  sacrificed  (AvlCFl  followed  by  AvlCFl  n-*8 ; vehicle  followed  by  vehicle 
n-8)  CRCC.002.  No  deaths  were  observed.  The  morphology  of  the  lungs  in  the 
AvlCFl/AvlCFl  group  showed  a mononuclear  cell  inflammatory  response,  but 
somewhat  milder  than  that  of  the  animals  evaluated  at  the  beginning  of  the 
challenge  period  (i.e.,  10  days  after  a single  administration  of  AvlCFl, 
see  Section  4.4).  The  animals  receiving  the  vehicle  had  no  inflammation. 

These  studies  suggest  that  the  intratracheal  challenge  with  the  vector 
would  not  result  in  an  adverse  reaction  with  severe  acute  clinical  conse- 
quences. Studies  are  ongoing  to  determine  if  the  observed  inflammatory 
response  will  persist  or  it  will  disappear  over  time. 

Evaluation  of  an  ongoing  challenge  study  of  rhesus  suggests  that  the  in- 
flammation response  may  disappear  over  time.  Four  rhesus  (5. 1-8. 3 kg)  were 
administered  the  AdRSV./Jgal  vector  to  the  lung  (2-8xl09  pfu/kg  via  a bron- 
choscope to  the  large  airways)  (rhesus  study  1C  and  2C) . Animals  were  fol- 
lowed for  21  to  28  days  and  then  re-challenged  with  the  same  vector,  same 
dose,  in  the  same  location.  Two  control  animals  (vehicle  followed  by  vehi- 
cle 21  or  28  days  later)  were  evaluated  in  parallel.  These  6 animals  (4 
with  repeat  treatment,  2 control)  have  been  followed  for  180  to  187  days  to 
date.  No  deaths  or  complications  have  occurred.  Animals  were  followed  with 
all  of  the  parameters  described  in  section  4.4;  no  abnormalities  were 
observed  in  any  parameter  including  the  chest  X-ray,  arterial  blood  gases 
and  lung  compliance.  Bronchoalveolar  lavage  of  the  2 control  animals  showed 
no  changes  in  total  cells  recovered  or  cell  differential.  In  the  4 animals 
treated  with  vector  and  then  challenged  with  the  vector,  the  challenge  was 
followed  by  an  increase  in  cell  number  and  proportion  of  lymphocytes.  The 
data  to  date  suggest  the  inflammatory  response  is  resolved  or  resolving 
with  return  to  baseline  cell  number,  although  the  proportion  of  lymphocytes 
remain  elevated. 

From  these  data,  it  can  be  concluded  that  re -challenge  with  the  same  recom- 
binant vector  (should  it  be  necessary) , will  not  be  expected  to  have  se- 
vere, acute  clinical  consequences.  Studies  are  ongoing  to  determine  the 
long  term  status  of  these  animals. 

4.7  Is  the  Vector  Shed  Following  Respiratory  Administration  of  the  Vector? 

A series  of  studies  have  been  carried  out  which  demonstrate  that  shedding 
occurs  infrequently,  and  only  at  early  times  after  administration  of  El-E3- 
recombinant  adenovirus  administration. 

First,  in  cotton  rats,  intranasal  administration  of  AvlCFl  (1010pfu/kg) 
followed  by  wild  type  Ad5  (109/pfu/kg)  one  week  later  (CRCW.003),  evalua- 
tion of  pharyngeal  and  rectal  swabs  for  the  presence  of  adenovirus  revealed 
that : 
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Thus,  while  exposure  to  Ad5  alone  resulted  in  Ad5  shedding  7 days  later, 
pre-exposure  to  AvlCFl  did  not.  This  is  consistent  with  the  concept  that 
E1“E3~  adenovirus  vectors  will  suppress  wild  type  replication  (see  Section 
4.9)  and  that  it  is  not  a danger  to  the  environment.  To  evaluate  shedding 
of  recombinant  replication  deficient  adenovirus  vector  (AdRSV./Sgal)  in 
rhesus,  adenovirus  was  administered  to  airways  of  3 groups  of  rhesus  mon- 
keys (rhesus  study  1C,  2C  and  3C) , each  group  composed  of  1 control  (re- 
ceiving vehicle)  and  2 adenovirus  treated  animals.  Groups  1 and  2 had 
adenovirus  (2-8xl09  pfu/kg)  delivered  to  the  right  mains tem  bronchus  on 
days  0 and  21  or  28.  Group  3 has  adenovirus  delivered  to  the  trachea  (and 
held  in  place  by  balloon  tamponade  for  30  minutes)  on  day  0 and  day  135. 
Animals  were  serially  followed  (weekly  for  one  month,  then  bi-weekly,  then 
monthly)  for  shedding  for  up  to  187  days  by  obtaining  whole  blood,  lower 
airway  lavage  with  sterile  saline,  and  swabs  from  posterior  pharynx  and 
rectum.  To  detect  adenovirus,  samples  were  cultured  on  293  [which  allows 
the  growth  (and  hence  detection)  of  adenovirus  with  or  without  the  Ela 
region]  and  A549  cells  (which  allows  the  growth  only  of  adenovirus  contain- 
ing the  Ela  region,  i.e.,  replication  competent  adenovirus).  The  recombi- 
nant Ela  deficient  adenovirus  vector  (but  not  replication  competent  adeno- 
virus) was  detected  in  secretions  of  1 animal  in  groups  1 and  2;  on  day  3 
in  fecal  samples  and  lung  lavage,  and  day  43  (15  days  after  receiving  a 
second  dose  of  the  same  adenovirus)  in  lung  lavage  only.  In  group  3,  Ela 
deficient  adenovirus  was  detected  in  the  lung  lavage  and  rectum  fecal 
samples  of  2 treated  animals  at  day  3 after  which  it  was  not  detected 
during  a 46  day  follow-up  period. 

Adenovirus  shedding  following  AvlCFl  administration  was  also  evaluated.  As 
with  AdRSV.^gal,  AvlCFl  (2X1010  was  administered  to  the  large  airways  of 
rhesus  monkeys  (rhesus  studies  4C  and  5C)  . In  rhesus  study  4C , vehicle 
(n=l)  or  AvlCFl  (n=2)  was  delivered  to  the  right  mainstem  bronchus  at  day 
zero.  Animals  were  evaluated  weekly  for  42  days,  then  biweekly,  for  up  to 
56  days  for  the  presence  of  adenovirus  in  blood  (days  0-7  only),  respirato- 
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ry  lavage  fluid,  posterior  pharynx  and  rectal  swab  samples  using  the  cul- 
ture techniques  described  in  the  previous  paragraph.  Neither  control  animal 
administered  vehicle  or  the  animals  administered  AvlCFl , had  adenovirus 
detectable  in  any  sample  (data  analyzed  to  42  days  post-administration) . 

In  rhesus  study  5C,  AvlCFl  (n=2)  was  delivered  to  the  right  mainstem  bron- 
chus at  day  zero,  followed  by  Ad  5 (10*  pfu/kg)  delivered  to  the  mainstem 
bronchus  at  day  7 and  an  additional  2 animals  received  only  Ad  5 (same 
dose)  at  day  7.  Samples  were  obtained  for  evaluation  as  described  for  group 
4C.  Adenovirus  could  not  be  detectable  in  any  samples  from  these  animals 
(data  analyzed  to  35  days  post-administration). 

In  summary,  replication  deficient  adenovirus  was  infrequently  detected  in 
secretions,  typically  at  less  than  one  week  after  administration  and  no 
longer  than  15  days  after  administration. 

To  evaluate  the  possibility  that  respiratory  administration  of  a recombi- 
nant vector  would  gain  access  to  the  gastrointestinal  tract  and  be  subse- 
quently shed  [something  observed  with  replication  competent  Ad  infection  in 
which  fecal  shedding  is  typically  observed  (Fox  et  al . , 1969)],  rhesus 
(n=3;  rhesus  study  El)  were  given  a replication  deficient  recombinant 
adenovirus  containing  the  human  al- antitrypsin  cDNA  (see  Rosenfeld  et  al., 
1991  for  details)  in  enteric  release  capsules  (108- 109pfu/kg , n=3  rhesus,  3 
total  doses  each) . 

The  capsules  were  administered  to  3 animals  housed  in  open  caging  in  the 
presence  of  2 non- treated,  sentinel  animals.  Sentinel  animals  were  housed 
next  to  or  across  from  treated  animals.  All  animals  were  in  the  same  room 
maintained  under  negative  airflow  (relative  to  the  hall) , and  a dry  bedding 
system,  changed  three  times  weekly,  was  used.  Recombinant  adenovirus,  in 
capsules  designed  for  enteric  release,  was  administered  on  days  1,4  and  7. 
Secretions  (posterior  pharynx  and  rectum  fecal  samples)  for  adenovirus 
detection  (by  culture  on  293  cells)  were  sampled  from  treated  and  sentinel 
animals  one  day  after  each  dose,  and  at  days  14,  28,  and  43.  All  treated 
animals  had  adenovirus  detected  by  culture  from  secretions  (oral  and/or 
fecal)  one  day  after  at  least  two  of  the  adenovirus  doses.  However,  no 
sentinel  animal  had  adenovirus  detected  in  secretions  at  any  time.  This 
suggests  that  inadvertent  transfer  of  a recombinant  virus  from  a treated  to 
an  untreated  individual  via  this  route  is  unlikely. 

4.8  Are  there  Risks  of  Having  Some  of  E3  Deleted  From  the  Vector? 

The  Ad5  E3  region  includes  3456  bp  (nucleotides  27576  to  31032,  map  units 
76.6  to  86.2)  and  codes  for  at  least  6 proteins.  In  AvlCFl  (which  is  based 
on  Addl327) , and  AdCFTR  (which  is  based  on  Addl324) , 66%  of  E3  is  deleted 
(nucleotides  28,592  to  30,470  in  Ad5 ; map  units  78.4  to  84.7).  In  wild  type 
adenovirus,  the  E3  mRNAs  arise  by  alternative  splicing  of  a common  precur- 
sor with  two  polyadenylation  sites,  E3A  and  E3B  (Cladaras  and  Wold,  1985; 
Chow  et  al . , 1979;  Wold  and  Gooding,  1991).  The  E3A  products  include: 
gpl9K,  11. 6K,  6.7K,  and  3.6K.  The  E3B  products  include:  7.5K,  10. 4K,  12. 5K, 
14. 5K,  and  14. 7K.  The  predicted  3.6K,  7 . 5K  and  12. 5K  products  have  not  been 
identified. 
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The  question  regarding  the  safety  of  deleting  the  E3  genes  is  related  to 
the  function  of  their  products  relevant  to  subverting  the  inflammato- 
ry/iimnune  system  in  recognizing  the  virus  i.e.,  does  the  deletion  of  gpl9K, 
10. 4K  and  14. 5K  genes  in  AdCFTR  and  AvlCFl  have  relevance  from  a safety 
view  point? 

The  gpl9K  product  is  a transmembrane  protein  with  two  N-linked  glyco- 
sylation  sites.  It  is  localized  in  the  endoplasmic  reticulum  of  Ad-infectec^ 
cells  where  it  forms  non-covalent  complexes  with  newly  synthesized  class  I 
MHC  antigens , blocking  the  transport  of  these  antigens  to  the  cell  surface 
(Kvist  et  al.,  1978;  Wold  and  Gooding,  1991).  This  has  the  effect  of  sup- 
pressing cytotoxic  T-cell  responses.  Studies  in  cotton  rats  have  demon- 
strated that  nasal  administration  of  a replication  competent  adenovirus 
type  2 with  a deletion  of  the  gene  coding  for  the  gpl9K  protein  was  associ- 
ated with  increased  lymphocyte/macrophage  inflammatory  response  in  the  lung 
compared  to  infectious,  replication  competent  Ad2  (Ginsberg  et  al . , 1989). 

The  10. 4K  and  14. 5K  products  are  integral  cytoplasmic  membrane  proteins  co- 
translated  from  the  same  mRNA  (Tollefson  et  al . , 1990a;  Tollefson  et  al., 
1990b;  Wold  and  Gooding,  1991).  Both  function  to  down  regulate  the  epi- 
dermal growth  factor  receptor  (EGF-R)  in  human  Ad- infected  cells  (complexes 
of  these  proteins  induce  endosome-mediated  degradation  of  EGF-R)  (Carlin  et 
al.,  1989;  Tollefson  et  al . , 1991).  In  the  context  that  this  mimics  the 
normal  function  of  EGF,  it  has  been  suggested  that  this  activates  the 
target  cell,  and  may  help  the  virus  to  replicate.  Both  proteins  block  the 
effects  of  tumor  necrosis  factor  of  mouse  cell  lines  (Gooding  et  al.,  1988; 
Gooding  et  al.,  1991). 

The  advantages  of  deleting  the  middle  portion  of  the  E3  region  are  as 
follows : 

(1)  If  recombination  should  occur  (for  example  a cross  over  to  pro- 
duce a infectious,  replication  competent  E3_  adenovirus),  it  is 
desirable  to  have  the  immune/inflammatory  system  recognize  the 
infected  cells  and  suppress  the  infection.  Since  E3  products 
subvert  the  ability  of  the  immune/inflammatory  system  to  recog- 
nize adenovirus,  the  inclusion  of  E3  may  subvert  the  ability  of 
the  immune/inflammatory  system  to  clear  a replication  competent 
recombinant  adenovirus.  In  this  context,  if  a replication  compe- 
tent recombinant  adenovirus  should  emerge,  it  is  an  advantage  to 
have  the  immune/inflammatory  system  recognize  this  and  respond  to 
it  appropriately  to  clear  the  infection. 

(2)  If  complementation  should  occur,  the  result  would  be  more  AdCFTR, 
a virus  identical  to  the  vector  used  for  therapy. 

(3)  The  CF  airways  are  constantly  exposed  to  an  intense  inflammatory 
process,  likely  outweighing  any  process  induced  by  emergence  of 
an  E3_  replication  competent  adenovirus  (see  Section  4.4  and 
Table  4 . 4-A) . 

(4)  Human  studies  with  enteric  administration  of  a wild  type  E3_  type 
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7 based  Ad  in  which  the  hepatitis  surface  B antigen  was  inserted 
into  the  E3  region  demonstrated  that  the  E3~  recipients  shed  less 
virus  than  the  wild  type  virus  (Tacket  et  al . , 1992). 


(5)  Studies  of  co- infection  of  cells  in  vitro  with  an  E3+  and  El- 

adenovirus  demonstrate  that  the  E3~  mutant  suppresses  the  growth 
of  the  wild  type  E3+  Ad  (see  Berkner  and  Sharp,  1983  and  section 
4.9)  . 

In  conclusion,  it  is  preferable  not  to  allow  the  virus  to  subvert  these 
inflammatory/immune  related  processes  associated  with  clearing  replication 
competent  adenovirus.  Further,  the  limited  human  data  available  suggests 
the  E3“  deletion  in  a replication  competent  adenovirus  is  associated  with 
less  shedding,  i.e.,  an  E3“  vector  is  likely  safer  for  the  individual  and 
the  environment  than  is  an  E3+  vector. 

4.9  Can  Recombination  or  Complementation  of  the  Vector  Occur  In  Vivo  Fol- 
lowing Respiratory  Administration  of  the  Vector,  and  If  So,  Does  This 
Pose  a Risk  to  the  Patient  and/or  Environment? 

Although  AvlCFl  and  AdCFTR  will  not  replicate  in  freshly  isolated  human 
airway  epithelial  cells  (see  Sections  2.3,  4.1),  the  fact  that  the  vectors 
are  fabricated  in  a fashion  that  uses  complementation  to  produce  the  final 
replication  deficient  recombinant  vector  implies  that  the  same  could  occur 
in  vivo  in  respiratory  epithelial  cells  following  administration  of  the 
vector.  To  demonstrate  that  complementation  of  a vector  of  this  design  can 
occur  in  human  epithelial  cells,  HeLa  cells  were  co- infected  in  vitro  with 
AvlCFl  and  replication  competent  Ad5 . Whereas  AvlCFl  DNA  did  not  replicate 
at  an  MOI  of  30  pfu/cell,  addition  of  Ad5  resulted  in  de  novo  synthesis  of 
AvlCFl  DNA  (Figure  4.9-A).  The  same  phenomenon  of  complementation  has  been 
observed  in  freshly  isolated  normal  human  airway  epithelial  cells  as  in- 
fected with  AvlCFl  followed  by  Ad5  (not  shown).  Thus,  under  the  right 
circumstances,  complementation  can  occur. 

In  regard  to  recombination,  the  vector  design  is  such  that  a 
recomb inational  event  including  the  intact  CFTR  cDNA  in  a replication 
competent  virus  is  highly  unlikely  because  of  the  difficulty  in  packaging 
such  a viral  genome  ( Ghosh -Choudhury  et  al . , 1987).  It  is  theoretically 
possible  that  the  5'  end  of  the  large  CFTR  cDNA  could  be  packaged  in  such  a 
fashion,  but  this  would  likely  be  akin  to  a stop  codon  or  splice  junction 
mutation  in  CFTR,  a circumstance  that  produces  no  protein  [and  usually 
milder  respiratory  disease  than  the  common  CFTR  mutations  (Cutting  et  al . , 
1990;  Hamosh  et  al . , 1991)]. 

If  complementation  were  to  occur,  the  result  would  be  more  AdCFTR.  This 
should  not  be  a problem  in  terms  of  over-expression  (see  Section  4.12), 
although  the  consequences  of  an  increased  dose  of  vector  per  se  is  not 
known  (see  Section  4.4).  Alternatively  this  could  be  viewed  as  positive 
from  the  therapeutic  point  of  view,  in  that  chronicity  of  expression,  and 
hence  chronicity  of  efficacy,  might  be  extended. 

If  recombination  were  to  occur,  the  overwhelming  likely  result  is  a repli- 
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Figure  4. 9 -A.  Evaluation  of  co- infection  of  AvlCFl  and  wild- type  adenovirus 
in  HeLa  cells.  To  evaluate  the  possible  complementation  of  AvlCFl  with 
potentially  co- infecting  wild- type  adenovirus,  HeLa  cells  were  simulta- 
neously infected  by  two  viruses.  HeLa  cells  were  grown  to  80%  confluency  in 
Dulbecco's  modified  Eagle  medium,  10%  fetal  bovine  serum,  1%  glutamine,  100 
U/ml  penicillin,  100  jzg/ml  streptomycin  and  infected  with  AvlCFl  at  various 
multiplicities  of  infection  (MOI)  from  0 to  30  plaque  forming  units  (pfu) 
per  cell  (Berkner  and  Sharp,  1983).  After  incubation  for  20  hr  (37°,  5% 

C02,  humidified  atmosphere),  the  media  was  aspirated  and  replaced  with 
similar  media  except  without  phosphate  and  containing  32P-P0*,“  and  the 
incubation  was  continued  for  another  20  hr.  Cells  were  then  lysed  and 
incubated  (37°,  with  shaking)  in  0.6%  sodium  dodecyl  sulfate,  10  mM  Tris- 
HCL,  pH  7.4)  10  mM  EDTA,  5 mg/ml  proteinase  K and  viral  DNA  was  extracted 
by  the  Hirt  procedure  (Hirt,  1967).  Equal  volumes  of  Hirt  extracted  DNA 
were  then  subjected  to  EcoRI  enzyme  cleavage  and  the  products  were  frac- 
tionated on  a 1%  agarose  gel  which  was  dried  and  subjected  to  autoradiogra- 
phy. Uninfected  HeLa  cells  showed  no  labeled  viral  DNA  fragments,  but  did 
show  labeling  of  mitochondrial  DNA  (lane  1) . HeLa  cells  infected  with  Ad5 
alone  demonstrated  the  replication  of  Ad5  DNA  as  evidenced  by  the  presence 
of  characteristic  restriction  fragments  of  32P-labeled  Ad5  DNA  (lane  2). 
Co-infection  of  Ad5  (MOI  = 3)  and  AvlCFl  (MOI  = 30)  (lane  3)  and  Ad5  (MOI  = 
30)  and  AvlCFl  (MOI  *=  30)  (lane  4)  demonstrated  replication  of  both  viral 
genomes  as  evidence  by  the  presence  of  characteristic  32P-labeled  restric- 
tion fragments  for  each  virus.  No  replication  of  AvlCFl  was  observed  after 
infection  of  HeLa  cells  alone  (lane  5).  Interestingly,  the  replication  of 
Ad5  in  the  presence  of  co- infecting  AvlCFl  was  diminished  compared  to 
infection  by  Ad5  alone  (compare  lanes  3,4  to  lane  2). 
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Figure  4. 9 -A 
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cation  competent  adenovirus  that  is  E3~  (Figure  4.9-B).  The  chances  of  this 
occurring  in  the  respiratory  tract  following  AdCFTR  administration  in 
humans  with  CF  is  not  possible  to  estimate.  However,  there  are  ways  to 
minimize  this  from  occurring.  Further,  if  this  should  occur,  the  outcome 
will  likely  be  no  worse  and  possibly  less  serious,  than  that  of  an  infec- 
tion with  a naturally  occurring  adenovirus. 

First,  the  Ela  sequences  would  have  to  be  exogenous,  as  the  individuals 
with  CF  will  be  screened  to  insure  that  they  are  Ela"  in  their  respiratory 
tract.  To  form  the  basis  of  this  concept,  individuals  with  CF  and  controls 
were  evaluated  for  the  presence  of  Ela  (Table  4.9-B).  Importantly,  only  10% 
were  positive;  of  these  individuals,  there  was  an  average  of  87^26  copies 
of  Ela/103  airway  epithelial  cells  (Table  4.9-B).  The  concept  of  using  Ela" 
epithelia  as  a criteria  for  entry  into  the  protocol  is  discussed  in  further 
detail  in  Section  5.3.4. 

Second,  to  further  insure  that  the  Ela  sequences  would  have  to  be  exoge- 
nous , the  individuals  with  CF  will  be  screened  to  insure  that  they  are  not 
harboring  active  respiratory  viruses  in  the  respiratory  epithelium.  Screen- 
ing of  such  patients  demonstrates  that  harboring  such  viruses  is  rare  (only 
herpes  simplex  was  found  among  several  virus  types,  and  herpes  simplex  was 
only  found  in  2 of  29  individuals,  Table  4.9-C).  Thus,  negative  cultures 
for  active  virus  in  the  respiratory  tract  will  be  used  as  an  inclusion 
criteria  for  the  protocol  (see  Section  5.3.2). 

Third,  to  minimize  Ela  sequences  from  exgenous  sources  (e.g.,  adenovirus 
infection) , the  individual  will  be  kept  under  gown  and  glove  respiratory 
precautions  (see  Section  5.6)  for  10  days  before  and  after  therapy,  and 
insuring  no  contact  with  children  under  the  age  of  15  (the  most  likely  ages 
for  transmission  of  respiratory  viruses).  Further,  no  individual  will  be 
treated  that  has  signs  or  symptoms  of  a respiratory  tract  infection. 

Fourth,  replication  competent  wild  type  E3_  adenovirus  has  been  used  in 
humans  in  vaccine  trials  (see  Section  4.8),  with  actually  less  shedding 
than  with  the  wild  type  E3+  adenovirus . 

Finally,  an  E1“E3_  Ad5 -based  vector  containing  the  human  CFTR  cDNA  sup- 
presses the  replication  of  replication  competent  Ad5  (Figure  4.9-A),  simi- 
lar to  that  observed  with  an  E3~  replication  competent  adenovirus  co- in- 
fected with  an  E3+  replication  competent  adenovirus. 

Ongoing  studies  with  cotton  rats  and  rhesus  are  being  carried  out  to  deter- 
mine the  consequences  of  exogenous  replication  competent  adenovirus  being 
made  available  to  the  respiratory  epithelium  of  experimental  animals  previ- 
ously treated  with  an  E1~E3~  adenovirus  vector,  i.e.,  are  there  adverse 
clinical  consequences  of  exposure  to  replication  competent  adenovirus  in 
the  circumstance  where  there  has  been  prior  administration  of  a vector  of 
this  design? 

Cotton  rats  were  treated  with  AvlCFl  (intranasal  10xo  pfu/kg) . After  1 
week,  they  were  then  exposed  to  Ad5  (109  pfu/kg)  (study  CRCW.003).  In  the 
group  treated  with  AvlCFl  followed  by  Ad5 , 8/9  animals  survived  over  the  3 
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Figure  4.9-B.  Theoretical  recombination  of  AdCFTR  with  Ad5 . At  the  top  is  a 
schematic  of  AdCFTR  (see  section  2,  figures  2.3-A,  2.3-B  and  appendix  1 for 
details).  Below  that  is  a schematic  of  Ad5 . If  the  genomes  of  AdCFTR  and 
Ad5  were  in  the  same  cell  and  a homologous  recombination  event  took  place, 
the  most  likely  product  would  be  a replication  competent  Ad5 -based  virus 
with  an  E3  deletion.  This  is  the  same  as  the  Addl327  E3'  Ad5  virus  (see 
section  2 for  details) . 
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Table  4.9-B.  Detection  of  Ela  sequences  in  the  respiratory  epithelium  of 
individuals  with  cystic  fibrosis.  Respiratory  epithelial  cells  were  ob- 
tained from  normals  and  individuals  with  cystic  fibrosis  (CF)  from  the 
inferior  turbinates  of  the  nose  (by  direct  visualization)  and  bronchial 
epithelial  cells  from  trachea  and/or  main  bronchi  by  fiberoptic  bronchosco- 
py, using  a standard  cytology  brush.  Neutrophils,  lymphocytes  and  monocytes 
were  isolated  from  the  blood.  Cells  were  immediately  suspended  in  RPMI 
1640,  collected  by  centrifugation  and  lysed  in  4 M guanidinium  thiocyanate, 
25  mM  sodium  citrate,  pH  7.0,  0.5%  sarcosyl,  0.1  M /3-mercaptoethanol . Cell 
number  was  determined  in  the  cell  lysate  by  quantifying  the  number  of  Alu 
sequences  present  in  the  DNA  in  an  aliquot  of  the  cell  lysate  compared  with 
a standard  curve  of  highly  purified  human  genomic  DNA  (assuming  7.2  pg  of 
DNA  per  cell).  To  detect  Ela  sequences,  the  DNA  in  an  aliquot  of  cell 
lysate  was  amplified  by  the  polymerase  chain  reaction  (PCR)  using  Taq  DNA 
polymerase  and  Ela  specific  primers  (Adl7 : 5 ' -GAGACATATTATCTGCCACGGAGG- 3 ' 
and  Adl8 : 5 ' -TTGGCATAGAAACCGGACCCAAGG- 3 ' ; the  sequences  of  both  primers  are 
100%  homologous  to  type  2 and  type  5 adenoviruses)  for  35  cycles  (94° -1 
min,  65° -1  min,  72° -1  min)  (Gingeras  et  al.,  1982;  Van  Ormondt  et  al . , 
1978).  In  parallel  with  each  PCR  amplification,  a standard  curve  was  con- 
structed using  increasing  amounts  of  adenovirus  type  2 DNA.  An  aliquot  of 
PCR  product  of  each  sample  was  bound  to  slot-blot  nylon  filter  and  hybrid- 
ized with  a 32P- labeled  "nested"  Ela  probe.  A total  of  91  normal  subjects 
and  43  individuals  with  CF  were  studied. 
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Table  4.9-B 


DETECTION  OF  Ela  SEQUENCES  IN  FRESHLY  ISOLATED  RESPIRATORY  EPITHELIUM 


Site 

Diagnosis 

Number  of 
subj  ects 

Ela 

Positive 
[number  (2) ] 

Number  of  Ela 
copies  per  1000  cells 

Respiratory 

Normal 

91 

19  (21%) 

55  ± 18** 

epithelium* 

CF 

43 

5 (12%) 

104  ± 22 

Blood  Cells 

Neutrophils 

Normal 

17 

0 

CF 

5 

0 

Lymphocytes 

Normal 

16 

3 (19%) 

51  ± 8 

CF 

5 

0 

Monocytes 

Normal 

16 

0 

CF 

5 

0 

Nasal,  pharyngeal,  tracheal  and  bronchial  epithelium. 
**  Mean  ± SEM. 
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Table  4.9-C.  Assessment  of  nasal  epithelium,  bronchial  epithelium,  and 
inflammatory  cells  on  the  respiratory  epithelial  surface  of  individuals 
with  cystic  fibrosis  for  the  presence  of  respiratory  viruses.  Individuals 
with  stable  cystic  fibrosis  (not  during  an  exacerbation  of  respiratory 
symptoms),  normals,  individuals  with  al-antitrypsin  deficiency,  and  indi- 
viduals who  smoke  cigarettes  (but  are  otherwise  normal)  underwent  fiber- 
optic bronchoscopy  with  sampling  of  respiratory  epithelium  by  brushing 
nasal  mucosa,  brushing  large  airways  (bronchial  epithelium),  or  broncho- 
alveolar  lavage  (to  recover  inflammatory  cells  on  the  respiratory  epitheli- 
al surface)  by  standard  techniques.  Samples  were  evaluated  for  virus  by 
culturing  on  tissue  culture  cell  lines  in  the  presence  of  antibiotic  and 
antifungal  suppression.  Specific  viruses  were  identified  by  growth  on  the 
appropriate  cell  lines  and  confirmed  by  specific  immunof luorescent  staining 
for  virus  specific  capsid  proteins  with  FITC- conjugate  anti-viral  capsid 
monoclonal  antibodies.  Viruses  evaluations  included:  cytomegalovirus  (CMV) , 
varicella-zoster  virus  (VZV) , herpes  simplex  viruses  I and  II  (HSV) , influ- 
enza viruses  A and  B (INF  A,B),  parainfluenza  viruses  1,  2 and  3 (PARA 
1,2,3),  respiratory  syncytial  virus  (RSV) , and  adenovirus  (ADENO,  including 
all  human  non-enteric  types).  All  samples  were  evaluated  in  duplicate.  Note 
that  "INF  A,B,  + PARA  1,2,3"  are  detected  by  one  culture  system,  while 
"RSV,  ADENO  + PARA  1,2,3"  are  detected  by  another  culture  system.  Of  all 
samples  evaluated,  virus  was  recovered  from  only  2 individuals  with  cystic 
fibrosis,  with  herpes  simplex  virus  recovered  from  bronchial  epithelium  and 
lavage  of  one  individual  and  lavage  alone  from  a second  individual.  All 
other  respiratory  samples  were  culture  negative  for  all  viruses. 
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Table  4.9-C 


Assessment  of  Nasal  Epithelium,  Bronchial  Epithelium,  and  Inflammatory  Cells  on  the 
Respiratory  Epithelial  Surface  of  Individuals  with  Cystic  Fibrosis  for  the  Presence  of 
Respiratory  Viruses 


(Number 

of  + 

samples/number  of  samples 

evaluated) 

Study  eroup 

Site 

CMV 

vzv 

HSV 

INF  A, B 
PARA  1.2.3 

RSV , ADENO, 
PARA  1.2.3 

Cystic  fibrosis 

Nasal 

0/21 

0/21 

0/21 

0/20 

0/20 

Bronchial 

0/31 

0/30 

1/30 

0/29 

0/29 

Lavage 

0/29 

0/26 

2/29 

0/26 

0/26 

Normal 

Nasal 

0/22 

0/22 

0/22 

0/21 

0/21 

Bronchial 

0/22 

0/22 

0/22 

0/20 

0/20 

Lavage 

0/22 

0/22 

0/22 

0/20 

0/20 

al- antitrypsin 

Nasal 

0/6 

0/6 

0/6 

0/6 

0/6 

Bronchial 

0/7 

0/7 

0/7 

0/7 

0/7 

Lavage 

0/10 

0/10 

0/10 

0/10 

0/10 

Cigarette  smokers 

Nasal 

0/3 

0/3 

0/3 

0/3 

0/3 

Bronchial 

0/3 

0/3 

0/3 

0/3 

0/3 

Lavage 

0/3 

0/3 

0/3 

0/3 

0/3 
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to  7 day  observation  period.  Of  animals  receiving  vehicle  followed  by 
vehicle,  (6/6)  survived  over  the  3 to  7 day  period,  as  did  naive  animals 
(6/6) , animals  receiving  vehicle  alone  (10/10) , and  animals  receiving 
vehicle  followed  by  Ad5  (10/10).  Studies  with  a larger  group  of  animals 
(study  CRCW.009)  are  ongoing  to  evaluate  dosing  and  timing. 

Studies  are  also  ongoing  in  rhesus  with  n-2  receiving  AvlCFl  (intra- 
bronchial  2xl010  pfu/kg)  followed  1 week  later  with  Ad5  ( intrabronchial  10* 
pfu/kg)  (rhesus  study  4C  and  5C) . Controls  include  Ad5  alone  (n-2),  AvlCFl 
alone  (n=2)  and  a naive  animals  (n-1) . All  are  alive  and  well  83  days  after 
administration  of  the  wild  type  Ad5  virus.  All  cultures  for  adenovirus  in 
A549  and  293  cells  are  negative.  Further,  there  have  been  no  changes  in 
clinical  parameters  detailed  in  Section  4.4. 

In  regard  to  the  environment,  a series  of  studies  have  been  carried  out  to 
demonstrate  that  shedding  occurs  infrequently,  and  only  at  early  times 
after  AvlCFl  therapy.  These  studies  are  detailed  in  Section  4.7.  In  regard 
to  the  environment  on  the  7 West  Clinical  Center  ward,  the  treated  individ- 
uals will  be  maintained  in  rooms  negative  to  the  hallway  (with  HEPA  filters 
for  the  exhaust)  and  under  gown  and  glove  respiratory  precautions  until 
documented  to  not  be  shedding  virus  (nasal,  pharynx,  rectal)  on  three  sepa- 
rate days  (see  Section  5.6). 

All  available  evidence  supports  the  concepts  that:  (a)  shedding  of  an  El- 
E3~  adenovirus  vector  will  be  minimal  in  amount  and  duration;  (b)  that 
under  the  circumstances  of  this  protocol  it  is  unlikely  that  a replication 
competent  adenovirus  will  be  derived  from  a vector  of  this  design;  and  (c) 
that  a virus  that  poses  a danger  to  others  will  not  be  formed  or  released 
to  the  environment.  However,  until  the  studies  are  carried  out  in  humans 
with  cystic  fibrosis,  it  is  not  possible  to  prove  this  with  absolute  cer- 
tainty. It  is  in  this  context  that  the  study  individuals  are  being  asked 
that  if  they  continue  to  shed  virus  (AdCFTR  or  an  AdCFTR- derived  virus) , 
they  will  be  asked  to  stay  on  the  7 West  patient  care  unit  in  the  Clinical 
Center  until  the  shedding  has  stopped.  It  is  recognized  that  the  physicians 
caring  for  the  study  individuals  can  only  ask  the  study  individuals  to 
agree  to  these  conditions,  but  cannot  compel  them  from  leaving  the  isola- 
tion conditions  and  the  Clinical  Center  at  any  time  they  choose  to  do  so. 
The  one  exception  to  this  is  in  the  extraordinary  unlikely,  but  theoreti- 
cally possible,  circumstance  in  which  the  physicians  believed  that,  due  to 
an  untoward  event,  AdCFTR  combined  with  another  virus  or  other  genetic 
information  to  create  a new  virus  that  was  believed  to  be  dangerous  to 
others.  In  this  situation  NIH  Clinical  Center  regulations  allow  the  study 
individuals  to  be  kept  against  his/her  will  for  up  to  72  hours.  During  that 
period,  the  physicians  have  the  option  to  ask  for  a court  order  to  keep  the 
study  individual  confined  until  the  risk  to  others  is  over.  Although  it  is 
extremely  unlikely  for  this  to  occur,  because  it  is  not  possible  to  prove 
that  it  is  impossible,  this  theoretical  scenario  is  explicitly  stated  in 
the  consent  form  (Section  5.13). 

4.10  Is  There  a Risk  of  Malignancy  Associated  With  the  Use  of  This  Vector? 
There  is  no  proven  association  of  malignancy  and  adenovirus  infection  in 
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humans.  Type  5 adenovirus  is  categorized  in  subgroup  C,  a subgroup  that  is 
nontumorgenic  in  experimental  animals.  Further,  there  is  extensive  clinical 
experience  regarding  the  administration  of  live  adenoviruses  to  humans  with 
no  reports  of  association  with  malignancy. 

With  this  background,  it  is  reasonable  to  conclude  that  there  will  be  no 
risk  for  malignancy  associated  with  this  vector  that  will  be  discernable 
above  the  background  risk. 

4.11  Does  the  Genome  of  the  Vector  Integrate  into  the  Genome  of  the  Target 
Cells? 

The  available  data  suggests  that  adenoviruses  do  not  integrate  their  genome 
into  the  genome  of  the  target  cells  (Karlsson  et  al.,  1985;  Karlsson  et 
al . , 1986).  It  is  not  possible  to  evaluate  this  with  freshly  isolated 
airway  epithelial  cells  from  normals  or  individuals  with  CF  (too  few  cells, 
difficulty  in  maintaining  in  culture,  inability  to  have  the  cells  replicate 
to  capitalize  on  cloning  single  cells  with  selectable  marker) . The  frequen- 
cy of  adenovirus  integration  is  estimated  to  be  very  low  (Karlsson  et  al., 
1985;  Karlsson  et  al . , 1986). 

In  the  context  of  the  above,  it  is  likely  that  the  risk  for  insertional 
mutagenesis  from  AdCFTR  is  extremely  low,  far  lower  than  that  with 
retroviruses . 

4.12  Does  the  Expression  of  CFTR  Need  to  be  Regulated? 

AdCFTR  and  AvlCFl  are  designed  with  a constitutive  adenovirus  promot- 
er/enhancer to  drive  the  expression  of  the  human  CFTR  cDNA.  In  the  human 
airway,  CFTR  gene  expression  is  very  low  (Trapnell  et  al . , 1991a),  with 
somewhat  higher  expression  in  glandular  serous  cells  than  in  the  surface 
epithelial  cells  ( J . Wilson,  personal  communication).  The  promoter  has  a 
number  of  putative  transcriptional  control  regions  and  in  vitro  studies 
have  demonstrated  that  inflammatory  stimuli  will  down-regulate  expression 
of  the  genes  (Yoshimura  et  al . , 1991;  Chou  et  al . , 1991;  Trapnell  et  al . , 
1991b;  Bargon  et  al . , 1992). 

From  the  safety  viewpoint,  since  the  mutations  of  the  CFTR  gene  cause  the 
airway  epithelial  cells  to  be  "deficient"  in  CFTR  function,  the  major 
safety  issue  regarding  control  of  expression  is  to  ask  what  are  the  conse- 
quences of  over-expression.  Three  lines  of  evidence  suggest  it  is  not  a 
concern. 

First,  in  the  surface  epithelium  of  the  normal  lung,  endogenous  CFTR  gene 
expression  cannot  be  detected  with  the  methods  currently  used.  In  cotton 
rats  treated  with  Ad-CFTR  by  intratracheal  administration,  human  CFTR  gene 
expression  is  readily  detectable  in  the  surface  epithelium,  i.e.,  there  is 
likely  over-expression  of  the  CFTR  gene  (see  Appendix  1).  This  has  no 
clinical  consequences  to  the  animals  (see  Appendix  1 and  Section  4.4). 

Second,  transgenic  mice  cons titutively  expressing  the  human  CFTR  cDNA  in 
all  organs  (i.e.,  with  a promoter  used  by  all  cells)  are  healthy  (Whitsett 
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et  al.,  1992  and  personal  communication). 

Third,  in  transgenic  mice  in  which  the  human  CFTR  cDNA  is  under  the  expres- 
sion of  a lung-specific  promoter  (human  surfactant  protein  C) , high  level 
expression  in  bronchiolar  and  alveolar  epithelial  cells  is  observed.  There 
were  no  changes  in  lung  weight,  morphology,  somatic  growth  or  reproductive 
capacity  of  these  animals  (Whitsett  et  al . , 1992). 
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5 . Human  Protocol 


5.1  General  Design 

The  purpose  of  the  protocol  is  to  evaluate  the  safety  and  biological  efficacy 
of  administration  of  the  recombinant  adenovirus  AdCFTR  to  the  respiratory 
epithelium  of  individuals  with  cystic  fibrosis.  The  overall  design  is  that  of 
a combined  ascending  dose  toxicity  study  and  biologic  efficacy  study  with  the 
patients  serving  as  their  own  controls  (prior  to  the  administration  of  AdCFTR 
compared  to  after  therapy,  as  well  as  during  the  therapy  period  by  comparing 
the  treated  to  the  untreated  side  of  the  respiratory  tract) . At  the  completion 
of  the  study,  the  following  questions  will  be  answered: 

(1)  Is  it  safe  to  administer  an  Ela-,  (most  of)  Elb~,  E3~  replication 
deficient  recombinant  adenovirus  containing  the  normal  human  CFTR  cDNA 
to  the  respiratory  epithelium  of  individuals  with  CF? 

(2)  Will  such  a recombinant  adenovirus  transfer  the  exogenous  normal  CFTR 
cDNA  to  respiratory  epithelial  cells  in  such  a fashion  to  permit 
expression  of  the  exogenous  CFTR  mRNA  transcripts  and  CFTR  protein, 
and  to  correct  the  biologic  CF  phenotype  (i.e.,  convey  to  the  cells 
the  ability  to  secrete  Cl-  in  response  to  elevations  of  cAMP)? 

(3)  How  long  does  the  biologic  correction  last? 

(4)  Is  the  biologic  correction  sufficient  to  correct  the  abnormal 
electrical  potential  difference  of  the  airway  epithelial  sheet? 

(5)  Is  there  improvement  in  respiratory  clinical  parameters  relevant  to 
the  disease  process? 

(6)  Does  humoral  immunity  develop  against  the  recombinant  vector 
sufficient  to  prevent  chronic  administration  in  the  future? 

5.2  Constraints  in  the  Design  of  the  Protocol 

There  are  a number  of  clinical  and  safety  constraints  that  direct  the  design 
of  the  protocol. 


Anatomic  Site  of  Administration  of  the  Vector 


Constraints 

(1)  The  biologic  abnormalities  of  CF  are  expressed  in  the  nasal  epithelium 
and  in  the  airway  epithelium.  Safety  considerations  argue  that  the 
most  conservative  approach  would  be  to  first  evaluate  administration 
of  the  vector  to  the  nasal  epithelium.  There  have  been  prior  human 
studies  of  the  administration  of  live  replication  competent  adenovirus 
to  the  nasal  epithelium.  If  the  vector  causes  acute  toxicity  to  the 
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epithelium,  it  would  be  much  safer  to  have  this  occur  in  the  nose  than 
in  the  bronchus.  Finally,  the  nasal  epithelium  can  be  sampled  with 
greater  ease,  safety  and  frequency  than  the  bronchial  epithelium. 

(2)  Although  it  is  safer  and  easier  to  evaluate  the  vector  in  the  nasal 
epithelium,  the  dominant  clinical  manifestations  are  between  the 
larynx  and  the  terminal  bronchioles  i.e.,  correction  of  the  biologic 
abnormality  of  CF  in  the  nasal  epithelium  does  not  offer  the  patient 
any  possibility  of  correction  of  the  fatal  manifestation  of  the 
disease.  Based  on  the  underlying  concept  that  there  are  theoretical 
inherent  risks  in  administering  a replication  deficient  recombinant 
adenovirus  to  humans,  the  protocol  must  offer  possible  efficacy  to  the 
patient.  In  this  regard,  it  should  include  administration  of  the 
vector  to  the  bronchial  epithelium. 

(3)  There  are  a limited  number  of  sites  in  the  respiratory  epithelium  that 
can  be  accessed  (right  nostril,  left  nostril,  right  large  bronchi, 
left  large  bronchi)  for  assessment  of  biologic  efficacy  (e.g., 
epithelial  cells  removed,  potential  difference  measured) . 

(4)  The  epithelium  can  be  obtained  by  brushing  with  a fine  cytology  brush. 
However,  there  is  a limitation  in  the  frequency  of  times  the  same  site 
can  be  evaluated;  at  a minimum  it  has  to  be  assumed  that  it  will  take 
7 days  to  "heal"  the  nasal  epithelium  after  sampling.  Another 
consideration  is  the  difference  in  accessibility  of  the  nose  and 
bronchi;  whereas  the  nasal  epithelium  can  be  readily  sampled,  there  is 
a limitation  in  the  frequency  of  bronchoscopies  that  can  be  done  to 
sample  the  bronchial  epithelium  in  individuals  with  CF. 

(5)  Maximal  information  will  be  derived  in  the  protocol  by  having  as  many 
controls  as  possible.  Since  the  patients  will  serve  as  their  own 
controls,  this  can  be  achieved  in  two  ways:  (a)  by  having  a baseline 
period  to  assess  various  parameters  before  administration  of  the 
vector;  (b)  by  administration  of  the  "vehicle"  used  in  the  vector 
preparation  to  assess  the  effect  of  the  vehicle  on  various  parameters; 
and  (c)  by  administration  of  the  vector  to  one  side  (e.g.  right  versus 
left  nostril,  right  versus  left  large  bronchi). 

(6)  There  are  anatomic  difficulties  in  reaching  the  small  bronchi  compared 
to  the  large  airways . Further,  if  there  are  adverse  effects  in  the 
bronchi,  it  is  preferable  to  have  these  in  the  large  airways  for  both 
accessibility  and  management  of  adverse  physiologic  consequences. 

Conclusions  Regarding  Design  of  the  Protocol 

(1)  Administer  the  vector  first  to  the  nasal  epithelium,  then  to  the  large 
bronchi  epithelium  of  the  same  individual.  Administration  to  the  nasal 
epithelium  first  will  permit  assessment  of  acute  toxicity  in  a site 
with  a minimal  potential  for  airway  compromise  and  will  permit 
frequent  assessment  of  biologic  efficacy;  administration  to  the  large 
bronchi  epithelium  has  the  advantages  of  the  possibility  of  clinical 
efficacy  as  well  as  assessment  of  biologic  efficacy  in  airways,  and  is 
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safer  than  direct  administration  to  small  airways. 

(2)  Administer  the  vector  to  only  one  side  of  the  nose  and  lung.  While 
there  undoubtedly  will  be  some  dispersion  of  the  vector  to  the  other 
side,  there  will  be  a significant  concentration  gradient  that  will 
permit  comparison  to  the  untreated  side.  Importantly,  administration 
to  only  one  side  gives  an  additional  measure  of  safety,  particularly 
in  the  lung.  Further,  if  administration  to  large  bronchi  does  yield 
evidence  of  clinical  efficacy,  there  is  the  chance  of  significant 
clinical  improvement,  since  unilateral  lung  transplantation  of 
individuals  with  CF  yields  marked  clinical  improvement. 

(3)  Separate  the  protocol  into  three  consecutive  periods:  baseline, 
vehicle  control,  and  AdCFTR  experimental  therapy. 

Method  of  Administration  of  the  Vector 


Constraints 

(1)  To  confine  delivery  to  the  nasal  epithelium,  the  major  constraint  is 
volume,  limited  to  about  0.2  ml. 

(2)  To  the  epithelium  of  the  large  bronchi,  the  major  constraints  are 
delivery  and  localization.  It  is  possible  to  aerosolize  adenoviruses. 
However,  aerosolization  carries  with  it  containment  problems.  Direct 
instillation  of  the  vector  works  in  experimental  animals  and  has 
minimal  containment  problems.  For  safety  purposes,  instillation  should 
be  to  the  right  or  left  side  (see  above).  Although  "local"  administra- 
tion to  a segment  of  large  bronchus  is  possible  in  large  experimental 
animals  by  using  endobronchial  tubes  with  balloons  and  catheters,  this 
would  be  very  difficult  in  individuals  with  CF  (e.g.,  risk  of  general 
anesthesia,  achieving  air  exchange  distal  to  the  balloon  without  the 
risk  of  atelectasis,  the  balloons  may  damage  the  epithelium,  higher 
risk  for  infection,  etc.) 

(3)  Since  the  disease  is  limited  to  the  airway  epithelium  from  the  larynx 
to  the  small  bronchioles,  it  would  be  preferable  to  limit,  as  much  as 
possible,  the  delivery  of  the  vector  to  the  airways  and  not  to  the 
alveolar  epithelium.  There  is  data  that  with  direct  instillation  of  20 
ml  of  fluid  to  the  human  large  airways,  most  of  the  fluid  will  stay  in 
the  airways  and  not  reach  the  alveoli  (Smith  et  al . , 1988). 

Conclusions  Regarding  Method  of  Administration  of  the  Vector 

(1)  Direct  instillation  to  the  right  or  left  nostril,  with  limitation  of 
volume  to  0.2  ml. 

(2)  Direct  instillation  to  the  right  or  left  mainstem  bronchus  via  a 
bronchoscope,  with  limitation  of  volume  to  20  ml. 
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Immunity 


Constraints 

(1)  Almost  all  adults  have  evidence  of  anti -adenovirus  antibodies  in  blood 
(Strauss,  1984)  and  studies  in  cotton  rats  have  shown  that  a one  time 
administration  of  AdCFTR  to  the  respiratory  tract  induces  anti-AdCFTR 
antibodies  in  blood  within  1 week  (Section  4.5).  Vaccine-related 
trials  in  non-human  primates  and  humans  suggest  that  administration  of 
adenovirus  vectors  containing  an  exogenous  gene  to  the  respiratory 
tract  does  not  elicit  significant  humoral  immunity  to  the  exogenous 
gene  product,  but  there  is  anti -adenovirus  humoral  immunity.  Thus,  it 
is  prudent  to  assume  that  the  initial  respiratory  administration  of 
AdCFTR  (nasal  or  bronchial)  may  elicit  anti-AdCFTR  antibodies  in  blood 
and/or  lung.  If  so,  there  are  three  possible  consequences:  (a)  the 
antibodies  are  irrelevant  and  there  will  be  no  consequences;  (b)  the 
antibodies  will  modulate  an  inflammatory  process  in  the  airways  upon 
re -challenge  with  AdCFTR;  and  (3)  the  antibodies  will  be  neutralizing, 
thus  preventing  the  vector  from  reaching  the  target  cells  upon  re- 
challenge . 

Conclusions  Regarding  Design  of  the  Protocol 

(1)  First  administer  the  vector  to  the  nasal  epithelium.  If  after  24  hr, 
there  is  no  sign  of  acute  toxicity,  administer  the  vector  to  the  large 
bronchi  of  the  same  individual.  The  span  of  24  hr  will  permit 
assessment  of  acute  toxicity,  but  will  not  be  sufficient  for  the 
development  of  an  initial  or  anamnestic  response  to  the  adenovirus 
vector . 

(2)  This  design  will  permit  evaluation  of  the  anti-vector  humoral 
immunity  in  blood  and  lung  as  a function  of  time,  permitting 
rational  design  of  future  protocols. 

Dose 


Constraints 

(1)  Because  AdCFTR  is  a new  "drug",  it  will  be  necessary  to  evaluate 
possible  toxicity  with  ascending  doses.  There  are  limitations, 
however,  in  how  this  can  be  achieved.  Because  of  the  constraint  of 
possible  immune  reactions,  the  toxicity  evaluation  cannot  be  achieved 
by  ascending  dosages  in  the  same  individual.  Further,  to  offer  a 
possibility  of  benefit  to  the  individual  the  starting  dose  cannot  be 
too  low. 

(2)  There  is  a limitation  in  volume  that  can  be  administered  to  the 
nostril  compared  to  the  bronchi,  but  the  volume  will  spread  out  over 
the  respective  epithelial  sheets.  Thus,  if  the  same  titer  is 


[734] 


Recombinant  DNA  Research,  Volume  16 


administered  in  the  two  sites,  comparable  dosage  (i.e.,  plaque  forming 
units  (pfu)/cell)  will  be  given  to  the  epithelial  cells  of  all  sites. 

(3)  The  maximum  titer  of  adenovirus  that  can  be  repeatedly  achieved  in 
production  is  lxlO11  to  5xlOn  pfu/ml.  This,  together  with  the 
limitation  of  volume,  puts  an  upper  limit  on  dose. 

Conclusions  Regarding  Design  of  the  Protocol 

(1)  Use  different  patients  for  ascending  doses,  with  n=2  at  each  dose. 
Continue  to  add  n=2  patient  groups  until  the  maximum  dose  is  reached 
or  toxicity  is  observed. 

(2)  Start  with  a total  dose  in  the  range  that  has  been  used  to  assess  the 
responses  of  humans  to  replication  competent  adenovirus . For  a 60  kg 
male  (CF  individuals  tend  to  have  less  body  mass  than  normals) , start 
with  titers  of  106  pfu/ml  (total  dose  to  the  lung  with  20  ml  volume 
will  be  2xl07  pfu/60  kg  = 3 . 3xl05  pfu/kg)  for  the  first  two  individu- 
als and  increase  in  groups  of  n=2  until  the  highest  dose  (20  ml  x 1011 
pfu/ml-60  kg  = 3.3xl010  pfu/kg)  is  reached. 

Study  Population 


Constraints 

(1)  It  can  be  argued  that  rather  than  starting  with  individuals  with  CF, 
it  would  be  much  easier  to  determine  if  there  are  any  adverse  effects 
from  the  Ad  vector  or  the  CFTR  cDNA  if  the  initial  study  population 
were  normal  volunteers.  First,  regarding  the  Ad  vectors,  this  would 
not  be  different  from  evaluating  live  adenovirus  or  adenovirus 
vaccines  in  normal  humans,  studies  which  have  been  extensively 
evaluated  and  reported  in  the  literature  (see  Table  5.2-A).  Second, 
the  Ad  vector  to  be  utilized  in  this  study,  AdCFTR,  expresses  a normal 
CFTR  cDNA.  Potential  adverse  effects  generated  in  response  to 
expression  of  the  CFTR  protein  must  be  balanced  against  potential 
benefits  to  individuals.  The  potential  benefit  in  CF  individuals  will 
be  amelioration  or  cure  of  the  respiratory  manifestations  of  the 
disease.  In  contrast,  while  there  is  no  experimental  evidence  to  argue 
that  AdCFTR,  in  the  same  dosages,  would  be  harmful  to  normals,  no 
benefit  in  normals  would  be  expected.  Within  the  CF  population, 
individuals  with  at  least  one  allele  known  to  produce  the  CFTR  protein 
will  be  selected,  as  these  individuals  will  be  less  likely  to  respond 
immunologically  to  expression  of  the  exogenous  gene. 

(2)  As  it  is  a goal  of  the  protocol  to  be  able  to  demonstrate  conversion 
of  airway  epithelial  cells  from  an  abnormal  CF  phenotype  to  a normal 
phenotype,  it  is  mandatory  that  the  CF  genotype  is  known. 

Conclusions  Regarding  Design  of  the  Protocol 

(1)  The  subjects  will  have  CF  as  identified  by  conventional  clinical 
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Table  5 . 2-A 


Representative  Literature  Regarding  Administration  of  Replication  Competent 
Adenovirus  to  Humans  by  the  Respiratory  or  Oral  Routes 


Route/Ref erence 

n 

Virus 

Dose 

Purpose 

Clinical  Secruelae 

Shedding1  Antibodies’ 

Respiratory 
Ginsberg  et  al. , 1955’ 

24 

Ad4 

unknown 

etiology  of 

upper  respiratory 

not  tested 

75Z 

+ 

nasal 

respiratory 

disease 

symptoms* 

Roden  et  al. , 1956 

11 

Adi 

10*  pfu 

induction  of 

mild  respiratory 

throat  35Z  + 

40Z 

+ 

nasal 

respiratory 

symptoms  in  2/11 

disease 

at  2-7  d* 

Bell  et  al.,  1956 

574 

Adl-6 

unknown 

induction  of 

none 

not  tested 

44-69Z 

+ 

nasal 

respiratory 

inhaled 

disease 

Couch  et  al. , 1966 

15 

Ad4 

lO'-lO’ 

role  of  lower 

mild  respiratory 

anal  100Z  + 

100Z 

+ 

inhaled 

pfu 

respiratory 

symptoms  at  6-13  d 

at  3-20  d 

inoculation 

pneumonia  in  2* 

throat  100Z  + 

at  5-20  d 

Smith  et  al. , 1970 

58 

Ad4 

10’-10‘ 

prevention  of 

none 

nasal  70Z  + 

H* 

O 

O 

N 

+ 

nasal 

pfu 

disease  with 

intermuscular 

vaccine 

at  2-12  d 

Oral’ 

Couch  et  al. , 1963 

15 

Ad4 , 7 

o 

H 

J 

O 

H 

oral  vaccine 

conjunctivitis 

rectal  100Z  + 

>90Z 

+ 

enteric 

pfu 

development 

in  1* 

at  2-24  d 

Chanock  et  al.,  1966 

46 

Ad4 

10’-10‘ 

oral  vaccine 

none 

anal  95Z  + 

>90Z 

+ 

enteric 

pfu 

dose  and  safety 

at  21  d 
throat  - 

Edmondson  et  al. , 1966 

134 

Ad  4 

lO’-lO* 

oral  vaccine 

none 

anal  95Z  + 

>90Z 

+ 

enteric 

pfu 

efficacy 

throat  - 

Gutekunst  et  al. , 1967 

360 

Ad  4 

10*-107 

oral  vaccine 

none 

anal  100Z  + 

100Z 

+ 

enteric 

pfu 

dose  and  safety 

at  8 d 
throat  - 

Rosenbaum  et  al. , 1968 

65 

Ad3 ,4,7 

10*  pfu 

efficacy  during 

none 

rectal  95Z  + 

90Z 

+ 

enteric 

epidemic  Ad 

at  21  d 
throat  30Z  + 

at  28  d 

Stanley  and  Jackson,  1969 

39 

Ad  4 

10’- 10* 

spread  of  Ad 

none 

rectal  50Z  + 

50-100Z 

+ 

enteric 

pfu 

vaccine  in. 

at  6 wks 

married  couples 

oral  10Z  + 

at  6 wks 

Top  et  al. , 1971c 

55 

Ad4 , 7 

10*- 10* 

oral  vaccine 

none 

fecal  80-90Z  + 

95Z 

+ 

enteric 

pfu 

safety 

antigenicity 

at  21  d 

Top  et  al. , 1971a 

88 

Ad4 , 7 

10*  pfu 

oral  vaccine 

none 

not  tested 

65-78Z 

+ 

enteric 

efficacy 

Scott  et  al. , 1972 

15 

Ad21 

10*  pfu 

antibodies 

none 

rectal  90Z  + 

90Z 

+ 

enteric 

nasal  vs  enteric 

'Shedding  + = Ad  detected  in  sample  after  ad  administration 

'Antibody  + = 4-fold  rise  in  neutralizing  ad  between  pre  and  post  treatment  sera  in  naive  individuals 
’Analysis  of  specimens  from  previous  report:  The  Commission  on  Acute  Respiratory  Diseases,  1947a  and  ibid.  1947b 
‘Significant  clinical  sequela  occurred  in  only  individuals  who  had  no  serum  anti-Ad  antibodies  pretreatment 
’Additional  references  regarding  enteric  Ad  trials  include:  Pierce  et  al.,  1966;  Peckinbaugh  et  al. , 1968;  Pierce  et 
al. , 1968;  Griffin  et  al. , 1970;  Top  et  al. , 1971b;  Rosenbaum  et  al. , 1975 
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criteria,  including  a positive  sweat  chloride  test. 

(2)  The  CF  genotype  will  be  identified. 

(3)  The  CF  genotype  will  be  either  "delta  F508"  homozygotes  or  the  "delta 
F508"  mutation  on  one  allele  and  on  the  second  allele,  a null  mutation 
known  not  to  produce  CFTR  mRNA  (i.e.,  a delta  F508-null  compound 
heterozygote  at  the  mRNA  level) . The  purpose  of  this  genotype 
restriction  is  for  technical  convenience  based  on  the  goal  of 
demonstrating  that  the  administration  of  AdCFTR  in  vivo  will  change 
the  genotype  of  the  respiratory  epithelium  at  the  mRNA  level  (using 
sequence  analysis  and  PCR  with  specific  probes;  see  Section  5. 5. 3.1). 
With  this  genotype  restriction,  the  sequence  and  specific  probe 
analyses  will  be  definitive  pre- therapy  and  after  correction. 

Ability  to  Give  Informed  Consent 


Constraints 

(1)  The  protocol  is  complex,  with  major  implications  for  the  study 

population  in  regards  to  risk/benefit  considerations,  and  decisions 
of  the  study  population  in  regards  to  the  implications  of  personal 
freedoms  imposed  by  the  AdCFTR  experiment  treatment  period  (see 
sections  5.6.2  - 5.6.4). 

Constraints  Regarding  Design  of  The  Protocol 

(1)  All  patients  must  be  21  years  or  older. 

Protection  from  Germ  Line  Gene  Transfer 


Constraints 

(1)  The  target  for  gene  therapy  for  this  protocol  is  the  respiratory 

epithelium  of  the  airways.  Studies  are  ongoing  in  cotton  rats  and  non- 
human primates  to  demonstrate  that  there  is  no  transfer  to  other 
organs  (including  gonads)  when  the  vector  is  administered  by  the 
respiratory  route.  However,  as  it  is  not  possible  to  develop  absolute 
evidence  that  germ  line  transfer  will  not  occur  when  a vector  is 
administered  in  vivo  by  the  respiratory  route,  the  protocol  should  be 
carried  out  in  individuals  that  have  definitive  evidence  of  being 
incapable  of  bearing  offspring.  Relevant  to  this  consideration  is  that 
almost  all  males  with  CF  are  sterile  (Stern  et  al . , 1982;  Boat  et  al . , 
1989) . 

Conclusions  Regarding  Design  of  the  Protocol 

(1)  As  inclusion  criteria  to  enter  the  vehicle  control  period  (see  section 
5.6.3)  and  AdCFTR  experimental  treatment  period  (see  5.6.4),  studies 
in  the  baseline  period  (see  5.6.3)  must  document  sterility  in  males 
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(semen  analysis) , and  in  females  (the  absence  of  a uterus  and/or 
ovaries) . 

Necessity  to  Frequently  Obtain  Biologic  Specimens  From  the  Airways 
Constraint 

(1)  To  demonstrate  biologic  efficacy  in  the  airways,  it  is  necessary  to 
frequently  obtain  biologic  specimens  by  fiberoptic  bronchoscopy,  a 
procedure  that  requires  informed  consent  and  is  associated  with  some 
morbidity  (fevers,  occasional  infections)  in  individuals  with  CF.  The 
procedure  requires  local  anesthesia  and  is  associated  with  some 
discomfort.  Jn  addition,  the  subject  has  to  have  lung  function 
adequate  to  permit  frequent  bronchoscopy,  and  airways  large  enough  to 
permit  use  of  an  adult  bronchoscope  (because  of  the  diameter  of  the 
channels  used  for  sampling) . 

Conclusion  Regarding  Design  of  the  Protocol 

(1)  All  patients  must  have  demonstrated  ability  to  undergo  the 
bronchoscopy  and  sampling  procedures  without  difficulty. 

Recombination,  Complementation  and  Environmental  Concerns 


Constraints 

(1)  AdCFTR  is  designed  to  be  replication  deficient  in  that  it  is  Ela“  and 
(most  of)  Elb-  and  it  does  not  replicate  in  freshly  isolated  human 
airway  epithelial  cells  at  levels  that  are  detectable.  However, 
addition  to  AdCFTR  of  the  appropriate  genetic  information,  either  by 
recombination  or  by  complementation  in  trans . may  result  in  the 
production  of  more  AdCFTR  (by  complementation)  or  a replication 
competent  virus  (by  recombination) . 

(2)  AdCFTR  is  an  infectious  agent,  albeit  designed  to  be  replication 
incompetent.  There  is  a theoretical  risk  to  the  environment  for 
release  of  AdCFTR  and/or  a recombinant  virus,  mediated  either  from 
genetic  information  in  the  respiratory  epithelium  or  from  an  exogenous 
viral  source. 

Conclusions  Regarding  Design  of  the  Protocol 

(1)  Evaluate  patients  in  the  baseline  period  to  ensure  that  they  do  not 
harbor  an  infectious  virus  relevant  to  the  respiratory  tract. 

(2)  Evaluate  the  respiratory  epithelium  of  patients  prior  to  inclusion  to 
insure  that  they  do  not  harbor  Ad5  DNA  sequences  for  Ela,  a region 
deleted  in  AdCFTR. 

(3)  Prior  to  inclusion  in  the  protocol,  recover  airway  epithelial  cells 
from  individuals  with  CF,  infect  with  AdCFTR  and  demonstrate  that  the 
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DNA  from  AdCFTR  will  not  replicate. 

(4)  Include  in  the  protocol  only  individuals  with  demonstrated  anti- 
adenovirus  type  5 antibodies  in  blood.  While  this  will  not  ensure 
absolute  protection  should  recombination  to  a replication  competent 
adenovirus  occur,  the  presence  of  anti-Ad5  antibodies  in  blood  is 
evidence  of  prior  exposure  to  Ad5  (or  a cross-reacting  Ad  serotype), 
and  likely  provides  some  additional  measure  of  safety  compared  to  an 
individual  that  has  no  anti-Ad5  antibodies  (see  Table  5.2-A). 

(5)  After  inclusion  in  the  protocol,  the  patients  will  be  clinically 
isolated  for  10  days  prior  to  being  treated  with  the  vector  (i.e.,  to 
prevent  exogenous  viral  infection)  and  will  be  clinically  evaluated 
prior  to  administration  of  the  vector  to  ensure  there  is  no 
intercurrent  viral  illness.  Isolation  will  entail  restriction  to  the 
individual's  hospital  room  on  the  7W  patient  care  unit  as  much  as 
possible.  Visitors  to  the  room  must  be  15  years  or  older.  All  visitors 
and  hospital  personnel  will  wear  gown,  mask,  and  gloves.  When  the 
individual  leaves  the  room,  he/she  will  wear  a mask  and  gloves  and  be 
accompanied  by  hospital  medical/nursing  staff. 

(6)  After  administration  of  the  vector,  the  patient  will  be  kept  in 
isolation  until  demonstrated  not  to  be  shedding  the  vector  or 
replication  competent  adenovirus  from  the  nose,  pharynx  or  rectum  on  3 
separate  days. 

(7)  The  patient  rooms  to  be  used  on  the  7W  ward  will  be  converted  so  as  to 
be  pressure  negative  relative  to  the  corridor,  and  have  air  leaving 
the  rooms  appropriately  filtered,  thus  minimizing  risk  of  release  to 
the  environment. 

(8)  Patients  will  not  be  included  who  are  taking  corticosteroid  or  other 
known  immunosuppressive  medications. 

(9)  In  regards  to  the  environment,  it  is  recognized  that  following  the 
administration  of  AdCFTR  should  the  study  individual  wish  to  leave 
isolation  conditions  and/or  the  Clinical  Center  prior  to  the 
demonstration  of  a lack  of  shedding  of  AdCFTR  or  an  AdCFTR- derived 
virus,  the  physicians  caring  for  the  study  individual  cannot  compel 
that  individual  to  remain.  The  one  exception  to  this  is  the 
extraordinarily  unlikely,  but  theoretically  possible,  circumstance 
where  the  physicians  caring  for  the  study  individual  believe  that  due 
to  an  untoward  event,  AdCFTR  combined  with  another  virus  or  other 
genetic  information  to  create  a new  virus  that  was  believed  to  be 
dangerous  to  others.  In  this  event,  the  NIH  Clinical  Center 
regulations  allow  the  physicians  to  keep  the  study  individual  against 
their  will  for  up  to  72  hours.  During  that  period  they  would  have  the 
option  to  ask  for  a court  order  to  keep  the  study  individual  confined 
until  the  risk  to  others  is  over.  The  risks  to  the  environment  and 
this  general  concept  are  discussed  in  detail  in  section  4.9.  This 
theoretical  scenario  will  be  explicitly  explained  to  the  study 
individual  and  is  in  the  informed  consent  document. 
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5.3  Baseline  Adenovirus -related  Data  from  Individuals  with  CF  Relevant  to 
Administration  of  a Replication  Deficient  Recombinant  Adenovirus 

During  the  baseline  period  of  the  protocol,  baseline  parameters  relevant  to 
the  adenovirus  vector  will  be  evaluated,  including  baseline  immunity  against 
type  5 adenoviruses,  the  presence  of  infectious  viruses  in  the  respiratory 
tract,  the  baseline  inflammation  in  the  respiratory  tract,  and  the  presence  of 
type  5 adenovirus  Ela  sequences  in  the  respiratory  tract. 

5.3.1  Anti -Adenovirus  Antibodies  in  Blood  and  Lung  of  Individuals  with  CF 

Consistent  with  data  demonstrating  that  most  adults  have  some  antibodies 
against  adenovirus  type  5 in  serum  (Strauss,  1984),  evaluation  of  the 
individuals  with  cystic  fibrosis  entering  the  protocol  will  likely  demonstrate 
circulating  antibodies  against  adenovirus.  It  is  also  possible  that  anti- type 
5 adenovirus  antibodies  will  be  detected  in  the  respiratory  epithelial  lining 
fluid  (ELF)  of  the  individuals  with  cystic  fibrosis.  However,  even  if  present, 
it  is  unlikely  that  anti -adenovirus  antibodies  on  the  respiratory  epithelial 
surface  will  be  active,  as:  (1)  almost  all  individuals  with  CF  have  active 
neutrophil  elastase  in  CF  respiratory  ELF;  (2)  neutrophil  elastase  will  cleave 
immunoglobulins;  and  (3)  there  is  in  vivo  evidence  that  immunoglobulins  in  ELF 
from  individuals  with  CF  are  cleaved  (Fick  et  al . , 1984).  Despite  the  unlikely 
possibility  that  such  antibodies  could  survive  in  CF  ELF,  studies  will  be  done 
during  the  baseline  period  to  determine  whether  anti- type  5 adenovirus 
antibodies  are  present  in  the  serum  and  lung  of  the  individuals  with  CF,  and 
if  detectable,  whether  such  antibodies  are  neutralizing. 

5.3.2  Infectious  Viruses  In  the  Respiratory  Tract  of  Individuals  with  CF 

To  minimize  the  risks  for  recombination  or  complementation  of  AdCFTR  with  an 
intercurrent  respiratory  virus  infection,  all  individuals  will  be  screened 
during  the  baseline  period  for  infection  with  respiratory  viruses  in  the 
respiratory  tract.  The  absence  of  such  an  infection  will  be  an  inclusion 
criterion  (see  Section  5.4.1).  This  criterion  was  established  based  on 
screening  of  individuals  with  CF  for  such  viruses. 

Individuals  with  CF  (n=17  evaluation  for  all  viruses,  all  sites;  n=21  total) 
were  screened  in  the  respiratory  tract  (nasal  brushing,  bronchial  brushing, 
and  bronchoalveolar  lavage)  for  the  presence  of:  adenovirus  (all  serotypes 
except  40,  41),  cytomegalovirus,  varicella  zoster  virus,  herpes  simplex 
viruses  I and  II,  influenza  A and  B,  parainfluenza  1,  2 and  3,  and  respiratory 
syncytial  virus.  Control  groups  included  normal  non-smokers,  normal  smokers, 
and  individuals  with  alpha  1-antitrypsin  deficiency. 

All  cultures  in  the  control  groups  were  negative  for  all  sites  and  all 
viruses . All  CF  individuals  were  negative  for  adenovirus , cytomegalovirus , 
varicella  zoster  virus,  influenza  A and  B,  parainfluenza  1,  2 and  3,  and 
respiratory  syncytial  virus  at  all  sites.  Two  of  17  (12%)  of  individuals  with 
CF  had  culture  evidence  of  herpes  simplex  virus  [one  individual  in  bronchial 
epithelium  and  respiratory  epithelial  inflammatory  cells  (bronchoalveolar 
lavage) , one  individual  in  lavage  only,  both  were  negative  in  the  nasal 
epithelium].  See  Table  4.9-D  for  details. 
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5.3.3  Baseline  Inflammation  in  Respiratory  Epithelium  of  Individuals  with  CF 

The  type  and  number  of  inflammatory  cells  in  nasal  epithelium  and  bronchial 
epithelium  and  respiratory  epithelial  lining  fluid  will  be  used  as  safety  and 
efficacy  parameters,  with  increases  in  numbers  of  inflammatory  cells 
suggesting  adverse  events  and  decreasing  numbers  suggesting  efficacy  (see 
below  for  caveats  regarding  these  parameters) . The  extent  of  inflammation  in 
each  site  in  a group  of  individuals  with  CF  as  compared  to  non-smoking  normals 
is  detailed  in  Section  4.4. 

In  the  nasal  epithelium  of  individuals  with  CF  there  is  more  inflammation 
compared  to  normals,  but  it  is  relatively  mild.  In  contrast,  in  the  bronchial 
epithelium  in  CF  there  is  an  intense,  neutrophil  dominated  inflammatory 
process  with  a more  than  30- fold  increase  in  the  numbers  of  neutrophils 
present  among  the  epithelial  cells  recovered  by  bronchial  brush  compared  to 
normals  (Table  4.4-A).  The  extent  of  the  inflammation  on  the  epithelial 
surface  of  the  CF  lung  is  further  documented  by  quantification  of  the  numbers 
of  inflammatory  cells  recovered  by  bronchoalveolar  lavage:  in  CF  more  than  4- 
fold  more  inflammatory  cells  are  recovered  and  there  is  a 300- fold  increase  in 
the  number  of  neutrophils  present  (Table  4.4-A). 

These  observations  highlight  the  extensive  epithelial-based  inflammation  in  CF 
which  are  consistent  with  morphologic  observations  of  the  CF  lung  in  specimens 
obtained  at  autopsy  or  at  lung  transplantation  (Bedrossian  et  al , 1976).  The 
methods  used  to  quantify  these  parameters  (nasal  brush,  bronchial  brush  and 
bronchoalveolar  lavage),  however,  are  not  sufficiently  well  established  to 
permit  their  use  as  definitive  criteria  for  establishing  the  presence  or 
absence  of  adverse  effects  or  efficacy.  Therefore,  these  parameters  will  be 
collected  throughout  the  protocol,  but  will  not  be  used  as  criteria  for  safety 
and  efficacy  unless  the  observations  are  dramatic  and  repeated. 

5.3.4  DNA  Containing  Ela  Sequences  in  Nasal  Epithelial  Cells,  Bronchial 
Epithelial  Cells,  Lung  Inflammatory  Cells,  Blood  Lymphocytes  and  Blood 
Neutrophils  of  Individuals  with  CF 

Based  on  the  knowledge  that  AdCFTR  could  theoretically  recombine  with 
exogenous  adenovirus  sequences,  or  that  El  sequences  could  provide  sufficient 
information,  in  trans . to  complement  the  El  sequences  deleted  from  AdCFTR,  to 
minimize  the  risks  of  recombination  or  complementation,  all  individuals 
entered  into  the  baseline  period  of  the  protocol  will  be  assessed  for  the 
presence  of  adenovirus  Ela  sequences  in  the  airway  epithelium.  Only  those 
negative  for  the  presence  of  Ela  sequences  will  be  accepted  to  move  to  the 
vehicle  control  period  (see  inclusion  criteria,  section  5.4).  These  criteria 
were  developed  based  on  assessment  of  respiratory  epithelium  of  individuals 
with  CF  for  the  presence  of  Ela  sequences  (see  Section  4.9,  Table  4.9-C). 

The  data  demonstrate  that  Ela  DNA  sequences  are  found  in  the  epithelium  of  the 
respiratory  tract  of  10%  of  individuals  with  CF.  Of  those  individuals  that  are 
Ela+,  there  were  an  average  of  87  + 26  copies  of  Ela/103  epithelial  cells. 

This  is  no  different  from  normal  individuals  (see  Table  4.9-C  for  details). 

5.4  Patient  Eligibility  and  Selection 
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Based  on  the  constraints  inherent  in  the  disease  and  the  vector  system,  and 
the  need  to  maximize  safety  and  gain  access  to  biologic  specimens  to  demon- 
strate biologic  efficacy,  the  following  are  the  inclusion  and  exclusion 
criteria  for  the  study  population.  Patients  with  cystic  fibrosis  meeting  these 
criteria  will  be  chosen  from  among  patients  participating  in  ongoing  Pulmonary 
Branch,  NHLBI  studies  and  those  referred  to  the  Pulmonary  Branch. 

5.4.1  Inclusion  criteria 

Males  or  females  21  years  or  older 

Cystic  fibrosis  defined  by  routine  clinical  criteria,  a positive  sweat 
chloride  test,  a genotype  of  the  "delta  F508"  mutation  on  both  CFTR  alleles  or 
a compound  heterozygote  of  the  type  "delta  F508-null",  with  the  null  mutation 
of  a type  known  not  to  produce  CFTR  mRNA  (see  below) . 

Documented  sterility  in  males  (semen  analysis)  and  females  (documentation  of 
absence  of  uterus  and/or  ovaries) 

Lung  disease  typical  of  CF,  with  FEV1  > 1.2  L/sec 

Shwachman  score  40-70  (mild  to  moderate  disease)  (Shwachman  and  Kulczycki, 
1958).  If  there  is  gastrointestinal  or  liver  disease  present,  it  must  be  mild 
and  stable  with  appropriate  therapy 

If  diabetes  mellitus  is  present,  it  must  be  stable,  with  no  history  of 
diabetic  ketoacidosis,  hyperosmolar  coma  or  hypoglycemia  requiring 
hospitalization  within  the  previous  three  years 

Demonstrated  ability  in  the  baseline  period  to  undergo  nasal  brushing  once 
weekly  without  complications 

Demonstrated  ability  in  the  baseline  period  to  undergo  fiberoptic  bronchoscopy 
with  brushing  of  the  large  airways  and  bronchoalveolar  lavage  once  monthly 
without  complications 

Reproducible  respiratory  epithelial  potential  difference  (to  subcutaneous 
tissues)  of  > -40  mV  and/or  airway  epithelium  unable  to  secrete  Cl-  in  a 
normal  fashion  in  response  to  cAMP 

Airway  epithelial  CFTR  mRNA  demonstration  of  CFTR  mutations  of  the  type  "delta 
F508  homozygote"  or  a compound  heterozygote  "delta  F508-null" 

No  detectable  CFTR  protein  in  airway  epithelium  (using  methods  described  in 
Section  3.1.2) 

Not  taking  experimental  medications  relevant  to  lung  disease  of  CF  for  at 
least  4 weeks  prior  to  entry  into  study,  including  recombinant  human  DNase, 
anti-proteases  such  as  alpha  1-antitrypsin  or  recombinant  secretory 
leukoprotease  inhibitor,  or  amiloride 
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Ability  to  stay  at  the  Clinical  Center,  NIH  for  a minimum  of  4 months,  and  to 
return  to  the  Clinical  Center  once  monthly  for  10  months  and  at  6 month 
intervals  for  one  year,  and  then  once  yearly  thereafter 

During  the  AdCFTR  experimental  treatment  period,  ability  and  agreement  to 
remain  in  the  Clinical  Center,  7 West  ward  under  appropriate  isolation 
conditions,  until  blood,  urine,  nasal,  pharynx  and  rectal  cultures  are 
negative  on  3 separate  days.  Visitors  will  be  limited  to  individuals  15  years 
or  older. 

Evidence  in  blood  of  antibodies  against  adenovirus  type  5 

Assessment  of  airway  epithelium  demonstrating  no  evidence  of  adenovirus  type  5 
Ela  sequences  (see  Section  4.9) 

Culture  of  bronchial  brush,  nasal  brush  and  bronchoalveolar  lavage  samples 
demonstrating  no  evidence  of  adenovirus,  cytomegalovirus,  varicella- zoster , 
herpes  simplex  I and  II,  influenza  viruses  A and  B,  parainfluenza  viruses  1,  2 
and  3,  or  respiratory  syncytial  virus 

No  evidence  of  replication  of  AdCFTR  DNA  upon  in  vitro  infection  of 
the  patient's  respiratory  epithelium  with  AdCFTR  (see  Section  4.1) 

No  anatomic  anomalies  that  would  prohibit  instillation  of  the  vector 
and  recovery  of  respiratory  epithelium  as  dictated  by  the  protocol 

No  history  of  allergy  to  glycerol  or  medications  used  in  the  bronchoscopy 
procedure 

No  history  of  documented  adenovirus -mediated  tracheobronchitis  and/or 
pneumonia 

Capable  of  providing  informed  consent 

5.4.2  Exclusion  criteria 

Unable  to  meet  the  inclusion  criteria. 

In  the  3 weeks  prior  to  beginning  the  AdCFTR  experimental  treatment  period,  no 
evidence  of  active  respiratory  tract  infection  including  evidence  of  fever, 
rhinitis,  pharyngitis,  conjunctivitis,  bronchitis  or  changes  in  sputum  requir- 
ing antibiotics  or  a change  in  antibiotics.  If  there  is  evidence  of  active 
respiratory  tract  infection,  the  individual  will  be  discharged  (after  the 
respiratory  tract  infection  stabilizes) , and  the  individual  reevaluated  4 
weeks  later.  If  all  of  the  inclusion  criteria  are  met,  the  individual  will 
enter  the  AdCFTR  experimental  treatment  period. 

Evidence  of  cardiac,  renal,  central  nervous  system,  major  psychiatric 
disorders,  musculoskeletal  disease  or  immunodeficiency  disease  (including 
evidence  of  human  immunodeficiency  virus  infection) . 

5.5  Safety  and  Efficacy  Parameters 
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The  patients  will  be  monitored  with  a variety  of  safety  and  efficacy  parame- 
ters during  the  baseline,  vehicle  control  and  AdCFTR  experimental  therapy 
period.  Some  of  the  parameters  will  be  used  for  both  safety  and  efficacy 
assessment . 

5.5.1  Definitions 

The  terms  listed  on  the  left  will  be  used  in  the  subsequent  sections  (5.5 
Safety  and  efficacy  parameters,  5.6  Clinical  protocol);  The  definitions  of 
each  term  (i.e.,  the  group  of  assays  each  term  include),  are  listed  on  the 


right. 

General  assessment 

- history,  physical  exam,  vital  signs  (blood  pres- 
sure, pulse,  respiratory  rate,  temperature),  weight 

Dyspnea  index 

- subjective  index  defined  by  a questionnaire 
(Stoller  et  al . , 1986) 

General  blood 


CBC , ESR 

- complete  blood  count,  differential,  platelets, 
erythrocyte  sedimentation  rate 

Clotting 

- prothrombin  time,  partial  thromboplastin  time, 
fibrinogen  level 

Chemistry 

- sodium,  potassium,  chloride,  total  C02,  blood  urea 
nitrogen,  creatinine,  alkaline  phosphatase,  alanine 
amino  transferase,  aspartate  amino  transferase, 
bilirubin  (total),  bilirubin  (direct),  total 
protein,  albumin,  calcium,  magnesium,  phosphate, 
uric  acid,  glucose,  creatine  phosphokinase , lactic 
dehydrogenase,  cholesterol,  triglycerides. 

Other 

- serum  sample  frozen  for  future  use 

General  immunity 

- anti-nuclear  antibodies,  rheumatoid  factor,  com- 
plement level  (CH50) , complement  components  3 and 
4,  immunoglobulin  G,  immunoglobulin  M,  immu- 
noglobulin A,  immunoglobulin  E 

Culture 

- routine  blood  culture 

HIV 

- one  pre- study  test  only 

Urine 


Routine 

- appearance,  specific  gravity,  pH,  protein,  glucose, 
ketones,  bilirubin,  hemoglobin,  number  and 
type  of  cells,  characterization  of  sediment 

Culture 

- routine  urine  culture 
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24  hr 

- creatinine  clearance,  total  protein 

Sterility  evaluation 

- semen  analysis  (males) ; ultrasonographic 
evaluation  of  pelvis  (woman) 

EKG 

- electrocardiogram 

Roentgenographic 


Chest  X-ray 

- posterior-anterior,  lateral  (Brasfield 

semiquantitative  scoring)  (Brasfield  et  al . , 1980) 

Chest  CT 

chest  computed  tomography  (Bhalla  semiquantitative 
scoring)  (Bhalla  et  al . , 1991) 

Scintigraphic  (V/Q) 

133Xe  ventilation  scan  "mTc-rnacroaggregated  albumin 
perfusion  scan 

Lung  function 


Spirometry 

- forced  vital  capacity,  forced  expiratory  volume  in 
1 sec,  forced  expiratory  flow  25-75% 

He  dilution,  DLCO 

Helium  dilution  (total  lung  capacity, 
functional  residual  capacity,  residual  volume) , 
diffusing  capacity  (single  breath) 

Body  box 

- body  plethysmography  (total  lung  capacity,  airway 
resistance) 

ABG 

- arterial  blood  gases  (p02,  pC02,  pH,  saturation) 

Sputum 


Volume 

- 17  hr,  7 am  to  12  pm 

Culture 

- routine  and  quantitative  bacterial  culture 

Bronchoalveolar  lavage 

- cell  number,  type,  culture  (routine  and  quanti- 
tative bacterial  culture) , volume  of  epithelial 
lining  fluid  (urea  method) , mediators  (neutrophil 
elastase,  interleukin  8,  tumor  necrosis  factor) 

Nasal  brush 

- cell  number,  type,  culture  (routine  and  quantita- 
tive bacterial  culture,  virus  culture),  biologic 
efficacy  [expression  of  normal  CFTR  genotype  at 
mRNA  level  (sequencing  and  PCR  with  specific 
probes);  level  of  total  CFTR  mRNA  (quantitative 
PCR.  Northern,  in  situ):  secretion  of  Cl"  in 
response  to  intracellular  elevations  of  cAMP  <'36C1“ 
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efflux,  SPQ  dye);  expression  of  CFTR  protein 
( immunohis tochemis try , immunoprecipitation  with 
kinase  reaction,  35S -methionine  metabolic  labeling 
and  immunoprecipitation) ] 


Bronchial  brush 

Potential  difference 
Vector -related 

Anti -Ad  antibodies 

Adenovirus  culture 

Adenovirus  DNA 


Serum  TNF  - 


- cell  number,  type,  culture  (routine  and  quanti- 
tative bacterial  culture,  virus  culture),  biologic 
efficacy  (same  as  for  nasal  brush) 

- nasal,  bronchial  (if  bronchoscopy  performed) 


- anti-AdCFTR,  anti-Ad5  (serum  and  lavage  fluid  if 
bronchoscopy  performed) 

- blood,  rectal,  urine,  pharyngeal,  nasal  brush  (if 
performed),  bronchial  brush  (if  performed) 

- specific  DNA  sequences  from  AdCFTR  (CFTR  cDNA)  and 
from  wild  type  Ad5  (Ela)  - evaluated  in  blood, 
nasal  brush  (if  performed),  bronchial  brush  (if 
performed) 

levels  of  tumor  necrosis  factor 


5.5.2  Safety  Parameters 


The  patients  will  be  monitored  with  a variety  of  safety  parameters  during  the 
baseline,  vehicle  control,  and  AdCFTR  experimental  treatment  periods.  The 
safety  parameters  are  divided  into  two  categories,  "general  clinical 
parameters"  to  monitor  the  individual's  overall  status  as  well  as  specific 
organ  systems,  and  "vector-specific  parameters"  specifically  relevant  to  the 
administration  of  a replication  deficient  recombinant  adenovirus.  The 
definitions  for  each  group  of  parameters  are  in  Section  5.5.1.  The  times  of 
assessment  of  each  parameter  are  detailed  in  Section  5.6. 

5. 5. 2.1  General  Clinical  Safety  Parameters 

The  general  clinical  safety  parameters  include  (see  Section  5.6  for  specific 
times  of  evaluation) : 


General  assessment 
Dyspnea  index 

General  blood  (CBC,  ESR,  clotting,  chemistry,  other,  general  immunity, 
culture,  HIV) 

Urine  (routine,  culture,  24  hr) 

Sterility  evaluation 
EKG 

Roentgenographic  (chest  X-ray,  chest  CT) 

Scintigraphic  (V/Q) 
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Lung  function  (spirometry,  He  dilution,  DLCO,  body  box,  ABG) 

Sputum  (volume,  culture) 

Bronchoalveolar  lavage  (cell  number,  type,  culture,  volume) 

Nasal  brush  (cell  number,  type,  culture) 

Bronchial  brush  (cell  number,  type,  culture) 

The  total  maximum  radiation  exposure  for  roentgenographic  and  scintigraphic 
parameters  for  the  first  year  of  the  protocol  is  approximately  4 rads.  This 
amount  is  judged  safe  by  NIH  guidelines  (less  than  5 rads  per  year  allowable). 


5. 5. 2. 2 Vector-related  safety  parameters 

The  safety  parameters  directly  related  to  the  AdCFTR  vector  include  (see 
Section  5.6  for  specific  times  of  evaluation): 

Anti -Ad  antibodies  (serum,  lavage) 

Adenovirus  culture  (nasal  brush,  bronchial  brush,  pharynx,  blood, 
rectal,  urine) 

Adenovirus  DNA  - (nasal  brush,  bronchial  brush,  blood) 

5.5.3  Efficacy  Parameters 

Evaluation  of  the  efficacy  of  a recombinant  adenovirus  containing  the  human 
CFTR  cDNA  to  treat  the  respiratory  manifestations  of  cystic  fibrosis  will  be 
based  on  biologic  and  clinical  parameters. 

5. 5. 3.1  Biologic  Efficacy  Parameters 

The  focus  of  these  parameters  is  to  demonstrate  that  the  recombinant  vector 
will  compensate  for  the  endogenous  abnormal  CFTR  genes  to  provide  normal  CFTR 
gene-related  expression  to  the  airway  epithelial  cells.  Most  of  these  parame- 
ters will  be  evaluated  in  nasal  and  bronchial  airway  epithelial  cells  obtained 
by  brushing  the  epithelium  (see  description  of  methods  in  sections  3,  4 and 
references  Chu  et  al . , 1991;  Trapnell  et  al . , 1991a).  The  epithelial  cells 
will  be  recovered  periodically  during  the  baseline  period  (see  section  5.6.2), 
the  vehicle  control  period  (section  5.6.3)  and  during  the  AdCFTR  experimental 
treatment  period  (see  section  5.6.4).  The  times  of  assessment  of  each  parame- 
ter are  detailed  in  section  5.6.  The  parameters  to  be  evaluated  (see  sections 
3.1,  3.2  for  details  as  to  methodology),  include: 

Expression  of  normal  CFTR  genotype  at  the  mRNA  level  (sequence,  PCR  with 
specific  probes) 

Level  of  total  CFTR  mRNA  (quantitative  PCR,  Northern,  in  situ  hybrid- 
ization analysis) 

Secretion  of  Cl"  in  response  to  intracellular  elevation  of  cAMP  (36C1~ 
efflux,  SPQ  dye) 

Expression  of  CFTR  protein  ( immunohis tochemis try , immunoprecipitation  and 
phosphorylation  with  kinase  reaction,  35S -methionine  metabolic  labeling 
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and  immunoprecipitation) 

In  addition  to  the  evaluation  of  biologic  correction  in  airway  epithelial 
cells  removed  by  brushing,  the  CFTR- related  function  of  the  intact  respiratory 
epithelial  sheet  will  be  evaluated  by  quantifying  the  potential  difference 
between  the  surface  of  the  airway  epithelium  and  the  subcutaneous  tissues.  In 
normal  individuals  the  potential  difference  is  -25  - 1 mV,  whereas  in  CF  it  is 
> -40  mV  (Knowles  et  al . , 1981). 

To  measure  the  nasal  electrical  potential  an  intravenous  catheter  is  placed 
subcutaneously  in  the  forearm  and  connected  to  an  infusion  of  Ringers  so- 
lution. Less  than  1 ml  of  Ringers  solution  is  infused  to  flush  the  catheter 
and  establish  continuity  of  the  subcutaneous  space  and  the  infused  solution.  A 
second  catheter,  the  "exploring  catheter",  is  filled  and  constantly  perfused 
with  Ringers  solution.  A Y-connection  is  present  in  both  infusion  lines  with  a 
silver  chloride  electrode  in  one  of  the  limbs  of  each.  Both  electrodes  are 
connected  to  a battery  operated,  high  impedance  volt  meter,  which  is  connected 
to  a chart  recorder.  The  exploring  catheter  is  placed  on  the  surface  of 
epithelia  in  various  locations  within  the  nasal  cavity  and  the  electrical 
potential  difference  between  the  mucosal  surface  and  the  interstitial  space  is 
measured.  Visualization  is  achieved  with  a headlight  and  nasal  speculum.  To 
measure  tracheal  and  bronchial  potential,  the  equipment  is  set  up  in  the  same 
manner  as  for  measuring  nasal  potential,  the  only  difference  being  that  the 
infusion  for  the  exploring  catheter  is  connected  to  a length  of  polythene 
tubing  that  can  be  placed  through  the  suction  channel  of  the  bronchoscope  and 
then  rested  on  the  tracheal  or  bronchial  surface. 

Increased  serum  levels  of  tumor  necrosis  factor,  have  been  correlated  with 
exacerbations  of  cystic  fibrosis  (Suter  et  al . , 1989a);  this  parameter  will 
also  be  followed. 

The  biologic  efficacy  parameters  relating  to  the  respiratory  epithelium  are 
central  to  the  goals  of  this  protocol.  In  this  context,  and  in  recognition 
that  not  all  parameters  can  be  measured  at  each  time  point  because  of 
limitations  in  biologic  materials,  inability  for  a bronchoscopy  to  be  carried 
out  appropriately  for  clinical  and/or  technical  reasons  and  variability  in  the 
biologic  parameters,  the  following  categorizes  the  respiratory  epithelial- 
related  biologic  parameters  into  primary  and  secondary  efficacy  parameters. 

All  efforts  will  be  focused  on  obtaining,  at  a minimum,  the  primary  efficacy 
parameters.  The  primary  parameters  will  include:  expression  of  normal  CFTR 
genotype  at  the  mRNA  level  (sequence  and  PCR  with  specific  probes)  in  nasal 
and  bronchial  epithelium,  expression  of  CFTR  protein  ( immunohistochemistry)  in 
nasal  and  bronchial  epithelium,  and  measurement  of  potential  difference  across 
the  nasal  epithelium.  The  secondary  parameters  will  include:  level  of  total 
CFTR  mRNA  (quantitative  PCR,  Northern,  in  situ  hybridization)  in  nasal  and 
bronchial  epithelium,  secretion  of  Cl-  in  response  to  intracellular  elevation 
of  cAMP  (36C1“  efflux,  SPQ  dye)  in  nasal  and  bronchial  epithelium,  and 
expression  of  CFTR  protein  (immunoprecipitation  and  phosphorylation  with 
kinase,  35S -methionine  metabolic  labeling  and  immunoprecipitation)  in  nasal 
and  bronchial  epithelium. 

5. 5. 3. 2 Clinical  Efficacy  Parameters 
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These  parameters  will  assess  whether  administration  of  the  recombinant  vector 
is  associated  with  efficacy  directly  and  clinically  relevant  to  the  patient. 
Some  of  these  parameters  are  also  used  to  monitor  safety  (see  section  5.5.2). 
The  clinical  efficacy  parameters  include: 

General  clinical 

Weight 

Dyspnea  index 

Incidence  of  airway  infections  requiring  antibiotic  therapy 
Number  and  length  of  hospitalizations  (other  than  as  dictated  by 
the  protocol)  for  respiratory  illness 

Roentgenographic 

Chest  X-ray 
Chest  CT  scan 

Scintigraphic 

V/Q  scan 


Lung  function 

Spirometry,  He  dilution,  DLCO,  body  box,  ABG 


Sputum 


Volume,  culture 


5.6  Clinical  Protocol 
5.6.1  Overview 

The  clinical  study  will  include  10  individuals  with  cystic  fibrosis,  grouped 
into  5 groups  based  on  the  titer  of  vector  that  will  be  administered.  In  order 
to  maintain  a constant  relative  dose  to  the  epithelium  in  the  nose  and 
airways,  the  volumes  (0.2  ml  to  nose,  20  ml  to  large  bronchus)  are  based  on 
the  estimates  of  surface  area  that  will  be  exposed  to  the  vector,  0.01  m2  in 
the  nose,  1.0  m2  in  the  bronchi,  a 100 -fold  difference): 


group  1 : n=2 , 
group  2 : n=2 , 
group  3 : n=2 , 
group  4 : n=2 , 
group  5 : n=2 , 


titer  of  vector  106 
titer  of  vector  108 
titer  of  vector  109 
titer  of  vector  1010 
titer  of  vector  1011 


Each  individual  will  serve  as  their  own  control,  by  comparing  parameters  in 
the  initial  baseline  period  and  the  vehicle  control  period  to  the  AdCFTR 
experimental  treatment  period,  as  well  as  in  the  experimental  treatment  period 
by  comparison  of  the  untreated  side  (nose  and  lung)  to  the  treated  side  (nose 
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and  lung) . 


The  study  individuals  may  go  through  the  baseline  period  and  vehicle  control 
period  at  any  time  prior  to  entering  the  AdCFTR  experimental  treatment  period, 
but  if  the  time  between  the  end  of  the  vehicle  control  period  and  beginning  of 
the  treatment  period  is  greater  than  1 month,  an  additional  baseline 
evaluation  will  be  carried  out  10  days  prior  to  starting  the  treatment. 

In  the  description  of  baseline,  vehicle  control,  and  AdCFTR  experiment 
treatment  periods  that  follows,  there  is  an  accompanying  time  chart  that 
details  the  sites  of  administration  of  the  vehicle  or  AdCFTR  (for  the  vehicle 
control  period  and  AdCFTR  experimental  treatment  period,  respectively) , the 
time  of  sampling  of  the  nasal  and  large  bronchus  epithelia,  and  the  time  for 
assessment  of  various  safety  and  efficacy  parameters.  A list  of  the  parameters 
within  each  category  and  the  abbreviations  used  can  be  found  in  section  5.5. 

5.6.2  Baseline  Period 

Prior  to  start  of  the  baseline  period,  there  will  be  an  initial  evaluation  to 
examine  safety  and  efficacy  parameters.  This  data,  plus  the  data  gathered 
throughout  the  baseline  period  will  determine  if  the  individual  is  eligible  to 
continue  in  the  protocol  (see  Inclusion  and  Exclusion  criteria,  sections 
5.4.1,  5.4.2).  If  eligible  for  the  remainder  of  the  protocol,  the  individual 
will  enter  the  vehicle  control  period  within  1 month  following  the  completion 
of  the  baseline  period.  Following  the  initial  evaluation,  the  baseline  period 
lasts  30  days  (see  Figure  5.6.2-A).  The  baseline  period  will  be  used  to 
evaluate  the  reproducibility  of  various  parameters  as  well  as  the  ability  of 
the  individual  to  meet  the  inclusion/exclusion  criteria. 

The  specific  times  for  assessment  of  each  parameter  may  be  found  in  Figure 

5.6.2- A. 

5.6.3  Vehicle  Control  Period 

The  vehicle  control  period  will  be  to  evaluate  the  same  safety  and  efficacy 
parameters  evaluated  in  the  baseline  period,  except  that  the  vehicle  to  be 
used  in  the  AdCFTR  preparation  (10  mM  Tris-Cl,  pH  7.4,  1 mM  MgCl2,  3.3% 
glycerol)  will  be  administered  to  the  nostril  and  bronchi  in  a fashion 
identical  to  that  in  the  AdCFTR  experimental  treatment  period.  The  vehicle 
control  period  lasts  35  days.  The  individual  must  enter  the  vehicle  control 
period  within  1 month  of  completing  the  baseline  period.  If  the  time  since 
ending  the  baseline  period  is  greater  than  7 days,  there  will  be  a 
reassessment  of  the  safety  and  efficacy  parameters  as  detailed  in  Figure 

5.6.3- A. 

5.6.4  AdCFTR  Experimental  Treatment  Period 

The  individual  will  enter  the  treatment  period  within  1 month  after  completing 
the  vehicle  control  period.  Prior  to  the  administration  of  the  vector,  there 
will  be  a reassessment  of  all  parameters  if  the  vehicle  control  period  was 
greater  than  1 week  previously.  The  individual  will  then  be  ready  for 
administration  of  the  vector  on  day  1 of  the  experimental  treatment  period. 
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5.6.2-A 

BASELINE  PERIOD1 


Initial  evaluation 
minimum  of  1 week 
before  day  1 . 


A 


Sample  epithelium 

Left  and  right  nostril  

Left  and  right  bronchi 

Safety  and  efficacy  parameters2 


HIV 

Urine 
Routine 
Culture 
24  hr  . . 


Sterility  evaluation 
EKG  


Roentgenographic 
Chest  X-ray 
Chest  CT 


Scintigraphic 


Lung  function 

Spirometry 

He  dilution,  DLCO 

Body  box 

ABG 


Sputum 

Volume 

Culture 


Bronchoalveolar  lavage. 

Nasal  brush 

Bronchial  brush 

Potential  difference 


Vector-related 

Anti-Ad  antibodies . 
Adenovirus  culture. 
Adenovirus  DNA  . . 


Serum  TNF 


General  assessment 

Dyspnea  index 
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General  blood 
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CBC,  ESR 
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Footnotes,  Figure  5.6.2-A 


1 Individuals  will  be  evaluated  in  pairs.  Movement  from  baseline  period  to 
vehicle  control  period  will  occur  if  all  study  inclusion  and  exclusion 
criteria  are  met  at  the  completion  of  the  baseline  period. 

2 For  definitions  and  details  see  section  5.5;  1 = test  will  be  performed; 
□ - test  optional. 
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5.6.3-A 

VEHICLE  CONTROL  PERIOD1 


Necessary  only  if 
baseline  period  >1 
week  before  day  1 


Administer  vehicle2,3 


Left  nostril  (0.2  ml) 

Left  bronchi  (20  ml) 

Sample  epithelium 

Left  and  right  nostril  

Left  and  right  bronchi 

Safety  and  efficacy  parameters4 

General  assessment ! . . 

Dyspnea  index 

General  blood 

CBC,  ESR 

Clotting 

Chemistry 

Other 

General  immunity 

Culture  

Urine 

Routine 

Culture  

24  hr 

EKG  

Roentgenographic 

Chest  X-ray 

Chest  CT 

Scintigraphic 

Lung  function 

Spirometry 

He  dilution,  DLCO 

Body  box 

ABG 

Sputum 

Volume 

Culture  

Bronchoalveolar  lavage 

Nasal  brush 

Bronchial  brush 

Potential  difference 

Vector-related 

Anti-Ad  antibodies 

Adenovirus  culture 

Adenovirus  DNA 
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1 U ID  !'  eLO . ou  ou 


Footnotes,  Figure  5. 6. 3 -A 

1 Movement  from  vehicle  control  to  AdCFTR  period  will  occur  within  one 
month  of  completion  of  the  vehicle  control  period. 

2 Vehicle:  10  mM  Tris-Cl,  pH  7.4,  1 mM  MgCl2,  3.3%  glycerol. 

3 Administration  of  vehicle  will  be  to  the  left  nostril  and  the  left  bronchus 

(with  the  right  nostril  and  bronchus  as  controls)  unless  anatomic/clinical 
reasons  suggest  the  opposite  side  is  better;  if  so,  the  vehicle  will  be 
administered  to  the  right  side  and  the  left  side  will  be  the  control. 

41  For  definitions  and  details,  see  section  5.5;  ■ = test  will  be  performed; 

□ - test  optional;  for  general  blood  studies,  on  day  1,  CBC  and  ESR  will 
be  sampled  at  4 hr  and  8 hr,  on  day  2,  at  4 hr  and  8 hr. 
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The  2 individuals  in  each  treatment  group  will  be  staggered  by  a minimum  of  1 
week  to  insure  that  no  serious  acute  adverse  reactions  have  occurred  at  the 
dose  level  for  that  group.  Assuming  no  adverse  effects  in  either  individual  of 
the  treated  group  and  no  adenovirus  can  be  detected  in  nasal,  pharynx,  blood, 
rectal  or  urine  cultures  on  3 separate  days,  the  protocol  will  move  to  the 
group  receiving  the  next  dose  level  no  earlier  than  1 week  after  the  second 
individual  (at  the  previous  dose  level)  is  treated.  A similar  pattern  will  be 
followed  for  each  group. 

If  an  intercurrent  illness  occurs  during  the  therapy  period,  it  will  be 
managed  as  described  in  Section  5.6.5. 

If  an  adverse  event  occurs  during  the  therapy  period,  it  will  be  managed  as 
described  in  Section  5.6.6. 

The  vector  will  be  administered  at  the  dosage  and  to  the  sites  described  in 
Section  5.6.1.  The  nasal  administration  will  be  carried  out  through  a nasal 
speculum  under  direct  vision  to  the  inferior  turbinate.  The  bronchial 
administration  will  be  carried  out  slowly  to  a main  stem  bronchus  via  a 
fiberoptic  bronchoscope. 

To  minimize  the  risk  from  intercurrent  infection  (viral  or  other)  during  the 
initial  phase  after  administration  of  the  vector,  the  individual  will  be 
isolated  (see  above)  for  10  days  prior  to  being  treated  with  the  vector  and 
will  be  clinically  evaluated  prior  to  administration  of  the  vector  to  insure 
there  is  no  intercurrent  viral  illness.  Further,  after  administration  of  the 
vector,  the  patient  will  continue  in  isolation  until  demonstrated  not  to  be 
shedding  (nose,  pharynx,  urine,  rectal)  the  vector  or  replication  competent 
adenovirus  on  at  least  three  different  days. 

From  the  data  available,  it  is  very  unlikely  that  shedding  of  AdCFTR  will 
extend  beyond  a few  days  to  a few  weeks  (see  sections  4.1,  4.5,  4.7,  4.8, 

4.9).  If  the  situation  does  arise  that  shedding  continues,  the  patient 
receiving  AdCFTR  will  remain  in  the  Clinical  Center  under  the  conditions 
described  in  this  section  until  shedding  is  no  longer  detected  on  3 separate 
days.  This  mandatory  criteria  for  participation  in  the  protocol,  with  the 
caveats  regarding  the  rights  of  the  individual  to  leave,  is  described  in  the 
Informed  Consent  (see  section  5.13). 

To  insure  protection  of  the  environment,  the  patient  rooms  to  be  used  on  the 
Pulmonary  Branch  7 West  clinical  unit,  building  10  will  be  converted  to  be 
negative  pressure  to  the  corridor  and  filtered  as  approved  by  the  Biosafety 
Office,  NIH. 

After  administration  of  the  vector,  the  patient  will  be  evaluated  with  the 
safety  and  efficacy  parameters  as  detailed  on  the  time  line  in  Figure  5.6.4-A. 

5.6.5  Management  of  Intercurrent  Illness 

The  natural  history  of  cystic  fibrosis  is  associated  with  exacerbations  of  the 
disease,  particularly  the  respiratory  manifestations  (Boat  et  al . , 1989).  In 
this  context,  it  is  possible  that  among  the  10  individuals  in  this  protocol, 
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5.6.4-A 

AdCFTR  EXPERIMENTAL  TREATMENT  PERIOD1'2 


Necessary  only  if 
vehicle  control  period 
>1  week  before  day  1 

Administer  AdCFTR3 

Left  nostril  (0.2  ml) 

Left  bronchi  (20  ml) 

Sample  epithelium 

Left  and  right  nostril  

Left  and  right  bronchi 

Safety  and  efficacy  parameters4 

General  assessment 

Dyspnea  index 

General  blood 

CBC,  ESR5. 

Clotting 

Chemistry 

Other 

General  immunity 

Culture  

Urine 

Routine 

Culture  

24  hr 

EKG  

Roentgenographic 

Chest  X-ray 

Chest  CT 

Scintigraphic 

Lung  function 

Spirometry 

He  dilution,  DLCO 

Body  box 

ABG 

Sputum 

Volume 

Culture  

Bronchoalveolar  lavage 

Nasal  brush 

Bronchial  brush 

Potential  difference 

Vector-related 

Anti-Ad  antibodies 

Adenovirus  culture 

Adenovirus  DNA 

Serum  TNF 

HIV 


10 

,n, 


□ 

Minii 

sami 


□ 


□ 


10 
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Footnotes,  Figure  5.6.4-A 

1 Group  1,  n = 2,  106  pfu/ml,  0.2  ml/nostril,  20  ml/bronchus 

Group  2,  n = 2,  108  pfu/ml,  0.2  ml/nostril,  20  ml/bronchus 

Group  3,  n = 2,  109  pfu/ml,  0.2  ml/nostril,  20  ml/bronchus 

Group  4,  n = 2,  1010  pfu/ml,  0.2  ml/nostril,  20  ml/bronchus 

Group  5,  n = 2,  1011  pfu/ml,  0.2  ml/nostril,  20  ml/bronchus 

2 The  n = 2 individuals  in  each  group  will  be  treated  in  parallel;  subsequent 

groups  will  enter  the  protocol  2 weeks  after  administration  of  AdCFTR  to  the 
preceding  group  if  no  adverse  reactions  have  been  observed  (see  section 
5.6.6)  and  no  adenovirus  can  be  detected  in  nasal,  pharynx,  blood,  rectal  or 
urine  cultures  of  the  preceding  group  on  3 separate  days. 

3 Administration  of  AdCFTR  will  be  to  the  left  nostril  and  left  bronchus 

(with  the  right  nostril  and  bronchus  as  controls)  unless  anatomic/clinical 
reasons  suggest  the  opposite  side  is  better;  if  so,  AdCFTR  will  be  adminis- 
tered to  the  right  side  and  the  left  side  will  be  the  control. 

4 For  definitions  and  details,  see  section  5.5;  ■ = test  to  be  performed; 

□ = test  optional. 

5 On  day  1,  samples  at  4 hr , 8 hr;  on  day  2,  samples  at  4 hr,  8 hr. 

6 "18-24"  = evaluation  at  months  18  and  24;  "years"  = yearly  evaluation 
starting  at  year  3. 


Recombinant  DNA  Research,  Volume  16 


[757] 


exacerbations  of  respiratory  infections  and/or  decrement  in  clinical  lung- 
related  parameters  will  occur  during  the  baseline  period,  vehicle  control 
period,  or  AdCFTR  experimental  treatment  period.  Further,  the  natural  history 
of  the  disorder  suggests  it  is  possible  that  exacerbations  of  manifestations 
of  the  disease  in  other  organs  might  also  occur. 

Should  intercurrent  exacerbations  of  disease  of  any  organ  occur  either  during 
initial  assessment  or  after  therapy  with  the  vector,  the  patients  will  be 
treated  by  conventional  clinical  therapy.  During  the  period  of  intercurrent 
illness,  assessment  of  safety  and  efficacy  parameters  will  continue  as  defined 
by  the  protocol  as  long  as  such  assessment  does  not  interfere  with  the 
clinical  care  and  welfare  of  the  patient. 

If  intercurrent  illness  occurs  during  the  baseline  period  or  vehicle  control 
period,  efforts  will  be  made  to  determine  if  adenovirus  is  involved  by  nasal, 
pharynx,  urine  and  rectal  culture.  If  adenovirus  is  definitively  shown  to  be 
involved,  the  individual  will  be  removed  from  the  protocol  and  not  allowed  to 
enter  the  AdCFTR  experimental  treatment  period. 

If  the  intercurrent  illness  during  the  baseline  or  vehicle  period  control 
period  is  sufficiently  severe  to  preclude  continuation  of  the  protocol,  the 
individual  will  be  removed  from  the  protocol. 

If  intercurrent  illness  occurs  during  the  AdCFTR  experimental  treatment 
period,  efforts  will  be  directed  toward  determining  whether  the  vector  or 
replication  competent  adenovirus  is  involved,  including  viral  culture  of 
nasal,  pharynx,  urine  and  rectum  and  assessment  of  respiratory  epithelial 
cells  and  inflammatory  cells  for  the  presence  of  AdCFTR  or  replication 
competent  adenovirus  DNA.  If  the  intercurrent  illness  (independent  of  course) 
during  this  period  is  sufficiently  severe  to  preclude  further  participation, 
the  individual  will  be  removed  from  the  protocol,  but  will  remain  in  the 
Clinical  Center  until  proven  not  to  be  shedding  adenovirus  as  dictated  by  the 
protocol  (see  section  5.6.4). 

If  a study  individual  has  to  be  removed  from  the  protocol  because  of 
intercurrent  illness,  a new  individual  will  be  substituted  to  begin  the 
protocol.  Removal  of  an  individual  will  be  reported  to  the  Institutional 
Clinical  Research  Subpanel  (ICRS),  NHLBI ; the  Institutional  Biosafety 
Committee  (IBC) , the  National  Institutes  of  Health  (NIH) ; the  Recombinant  DNA 
Advisory  Committee  (RAC);  and  the  Food  and  Drug  Administration  (FDA). 

5.6.6  Management  of  Adverse  Events 

Adverse  reactions  will  be  defined  for  each  organ  system  based  on  a four  grade 
scale  (Table  5.6.6-A).  If  an  adverse  reaction  occurs  attributable  to  adminis- 
tration of  the  vector , the  individual  will  be  treated  by  conventional  clinical 
therapy.  Assessment  of  safety  and  efficacy  parameters  will  continue  as  defined 
by  the  protocol  as  long  as  such  assessment  does  not  interfere  with  the 
clinical  care  and  welfare  of  the  patient.  No  additional  patients  will  be 
treated  until  the  data  is  discussed  with  the  ICRS,  NHLBI,  IBC,  NIH,  and  the 
FDA.  The  occurrence  of  the  adverse  reaction  will  be  reported  to  the  ICRS,  IBC, 
RAC,  and  the  FDA  within  24  hours  of  its  recognition. 
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Table  5.6.6-A 

Graded  Toxicity  Scale  To  Define  Adverse  Reactions1 


CATEGORY 


1 

PARAMETERS 

Grade  1 
(Minimal) 

Grade  II 
(Moderate) 

Grade  III 
(Severe) 

Grade  IV 
(Intolerable) 

' A HEMATOLOGIC2 

1)  WBC 

2)  Granulocytes 

3)  Platelets 

2501-3000/mm5 
1251— 1500/nm5 
75,001-100,000/mm5 

1500-2500/mm5 

751-1250/mm5 

50,001-75,000/mm5 

1000-1500/mm5 

500—750/mm5 

25,000-50,000/mm5 

<1000/mm5 
<500/mm5 
<25, 000/mm5 

R COAGULATION5 

1)  Prothrombin  time 

1 

2)  Partial  thrombo- 
plastin time 

14-16  sec 
40-45  sec 

17-18  sec 
46-50  sec 

>19  sec  without 
bleeding 
>51  sec  without 
bleeding 

>19  sec  with 
bleeding 
>51  sec  with 
bleeding 

C.  EEPATIC* 

1)  Bilirubin 

2)  SGOT 

1. 5-2.0  mg  percent 
50-150  IU 

2. 1-2. 5 mg  percent 
151-300  IU 

2. 6-3.0  mg  percent 
301-600  IU 

>3.0  mg  percent 
>600  IU 

D.  RENAL 

1)  BUN 

2)  Creatinine 

25-50  mg  percent 
2. 0-2. 5 mg  percent 

51-75  mg 

2. 6-3.0  mg  percent 

76-100  mg  percent 
3. 1-3. 5 mg  percent 

>100  mg  percent 
>3.5  mg  percent 

E.  GASTROINTESTINAL 
1)  Nausea/vomiting 

Nausea  alone 

<5  emeses /day 

>5  emeses/day 

Intractable  vomiting/needs  IV 

2)  Diarrhea5 

3-4  loose  stools 
a day 

5—7  loose  to 
watery  stools  a day 

>7  stools  a day 

Bloody  diarrhea  or 
needs  IV  fluids 

3)  Anorexia/ 
weight  loss 

Anorexia  without 
weight  loss 

<5  percent  weight 
loss 

5-10  percent  weight 
loss 

>10  percent  weight  loss 

A)  Stomatitis 

Sore  mouth 

<3  discrete  ulcers 

>3  discrete  ulcers 

>3  discrete  ulcers 
unable  to  eat 

F.  FATIGUE 

Fatigue  without  de- 
crease in  activities 
of  daily  living 

In  bed  <50  percent 
of  the  day 

In  bed  > 50  percent 
of  the  day 

Unable  to  care  for  self 

G.  NEUROLOGIC 
1)  Peripheral 

Transient  (<12  hrs) 
numbness  or 
paresthesia 

Persistent  ( >12  hrs) 
numbness  or 
paresthesia 

Decrease  of  deep 
tendon  reflexes 

Motor  weakness  or 
autonomic  dysfunction 

2)  Central 

Mild  difficulty 
with  concentration 

Moderate  difficulty 
with  concentration 

Confusion 

disorientation 

Coma,  seizures 

H.  FEVER2* 

T 38 . 0-39 . 0°C 

T 39.0— 40”C 

T 40-42”C 

T >42°C 

I.  HYPOTENSION 

20-25  percent  drop 
from  baseline  systoli 

26-30  percent  drop 
c from  baseline  systolic 

31-40  percent  drop 
from  baseline 
systolic 

>40  percent  drop 

from  baseline  systolic, 

symptomatic 

J.  RIGORS 

Not  requiring 
medication 

occurring  with  the 
use  of  medication 

symptomatic  hypo- 
tension, acro- 
cysnosis,  severe 
tachyprise 

rigors  associated 
with  Grade  III  toxi- 
city hypotension 
requiring  medication 

K.  PULMONARY7 

15-20  percent  decrease  21—30  percent 

from  baseline  decrease  from 

baseline 

31-50  percent 
decrease  from 
baseline 

>50  percent  decrease 
from  baseline 

L.  BRONCHIAL 

Visible  hemorrhage 

visible  hemorrhage/ 
ulceration 

active  ulceration/ 
ulceration/ 
increased  edema 

massive  bleeding  and 
edema 

i 
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Footnotes,  Table  5.6.6-A 

1 During  the  AdCFTR  experimental  therapy  period,  all  adverse  reactions  will  be 
reported  along  with  the  clinical  and  laboratory  assessment  as  to  whether  the 
adverse  reaction  is  associated  with  the  AdCFTR  vector,  the  procedure  used  to 
assess  safety  or  efficacy,  or  an  intercurrent  illness. 

2 Marked  increase  in  white  blood  counts  with  an  increase  in  percent  neutrophils  is 
frequent  in  individuals  with  cystic  fibrosis  following  bronchoscopy.  Fever  of 
39-40°  is  also  frequent. 

3 Despite  vitamin  K therapy 

* Above  baseline 

5 Above  baseline  for  grades  I - III 

6 For  greater  than  6 hours  despite  antipyretic  therapy 

7 Lung  function  tests,  including  forced  vital  capacity  and  forced  expiratory 
volume  in  1 second 
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If  an  adverse  event  occurs  in  response  to  the  obtaining  of  safety  and  efficacy 
parameters  unrelated  to  the  vector  itself,  the  assessment  of  safety  and 
efficacy  parameters  will  continue  as  defined  by  the  protocol  as  long  as  such 
assessment  does  not  interfere  with  the  clinical  care  and  welfare  of  the 
patient . 

If  a study  individual  has  to  be  removed  from  the  protocol  because  of  an 
adverse  reaction  unrelated  to  the  AdCFTR  vector,  a new  individual  will  be 
substituted  to  begin  the  protocol.  This  will  be  reported  to  the  ICRS,  NHLBI , 
IBC,  NIH,  RAC  and  the  FDA.  If  the  study  individual  has  to  be  removed  from  the 
protocol  because  of  an  adverse  relation  related  to  the  AdCFTR  vector,  a 
decision  to  add  a substitute  patient  will  be  made  only  after  discussion  and 
agreement  of  the  ICRS,  NHLBI,  IBC,  NIH,  and  the  FDA. 

Should  the  patient  die  while  in  this  protocol,  the  family  will  be  asked  to 
give  permission  for  a full  autopsy  to  determine  the  precise  cause  of  death 
(see  Consent  form) . Samples  of  all  tissues  obtained  at  autopsy  will  be 
evaluated  for  the  presence  of  AdCFTR  and  replication  competent  Ad5  using  PCR 
and  viral  cultures  as  outlined  in  the  protocol. 

5.6.7  Ability  of  the  Protocol  to  Answer  the  Questions  Posed  in  the  Intro- 
duction to  the  General  Design  (Section  5.1) 

As  detailed  in  Section  5.1,  the  protocol  is  designed  to  answer  six  questions 
central  to  evaluating  the  use  of  a replication  deficient,  recombinant 
adenovirus  containing  the  human  CFTR  cDNA  to  treat  the  respiratory  manifes- 
tations of  cystic  fibrosis.  The  following  details  how  the  protocol  design  will 
answer  these  questions.  Conclusions  regarding  the  answer  to  each  question  will 
be  made  by  statistical  evaluation  appropriate  for  each  parameter.  At  a 
minimum,  however,  a formal  data  base  will  be  established  for  all  parameters 
measured . 

(1)  Is  it  safe?  The  extensive  general  and  adenovirus -related  safety  data 
will  answer  this  question  for  a one  time  administration  to  the 
target  organs  as  a function  of  increasing  dose. 

(2)  Will  it  provide  biologic  correction  in  respiratory  epithelial  cells? 
This  question  will  be  answered  by  assessing  respiratory  epithelial 
cells  before  and  after  therapy  for  a variety  of  biologic  parameters 
relevant  to  expression  of  the  CFTR  gene. 

(3)  Chronicity?  If  biologic  correction  is  achieved,  the  protocol  will 
define  how  long  the  correction  will  last  in  the  target  organ. 

(4)  Respiratory  epithelium  electrical  potential  difference  correction? 
Based  on  the  knowledge  that  individuals  with  cystic  fibrosis  have  an 
elevated  potential  difference  between  the  epithelial  surface  and  the 
subcutaneous  tissues  secondary  to  the  primary  genetic  abnormality, 
the  protocol  will  determine  whether  the  therapy  will  correct  the 
epithelium  in  vivo. 
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(5)  Clinical  improvement?  A variety  of  lung-related  clinical  parameters 
will  be  used  to  assess  improvement  relevant  to  the  clinical  status  of 
the  patient. 

(6)  Does  humoral  immunity  develop  against  the  vector  and,  if  so,  will  it 
prevent  chronic  administration  in  the  future?  From  the  in  vivo  data 
generated  in  experimental  animals  and  the  in  vitro  data  showing  cor- 
rection of  the  CF  phenotype  in  epithelial  cells  derived  from  indi- 
viduals with  CF,  it  is  very  likely  that  respiratory  administration  of 
the  adenovirus  vector  containing  the  normal  human  CFTR  cDNA  should 
correct  the  CF  phenotype  at  the  biologic  level.  While  it  is  likely 
that  the  correction  may  persist  for  a significant  period,  the  fact 
that  the  adenovirus  does  not  transfer  genes  to  the  genome  of  most 
target  cells,  and  the  normal  turnover  (albeit  slow)  of  the  respira- 
tory epithelium,  suggest  that  therapy  will  have  to  be  periodic.  In 
this  case,  it  is  an  important  goal  of  this  protocol  to  define  the 
humoral  immune  response  to  respiratory  administration  of  the  vector. 
This  will  be  defined  in  the  serum  and  lung  epithelial  lining  fluid  by 
periodic  measurements.  If  anti-vector  antibodies  are  detected,  they 
will  be  evaluated  for  their  neutralizing  activity  (if  any)  in 
regards  to  the  ability  of  the  vector  to  infect  and  transfer  the  CFTR 
cDNA  to  human  epithelial  cell  lines  and  freshly  isolated  human 
respiratory  airway  epithelial  cells.  This  will  be  evaluated  with 
serum  and  epithelial  lining  fluid  sampled  over  time  after  the 
administration  of  the  vector. 

In  the  design  of  this  protocol  it  is  recognized  that  with  the  limited  number 
of  individuals  to  be  studied  (n=10)  and/or  the  doses  used  for  only  n=2  at  each 
dose,  that  no  biologic  efficacy  may  be  detected.  If  no  biologic  efficacy  is 
detected  and  there  are  no  safety  problems  associated  with  the  AdCFTR  vector, 
the  approving  committees  will  be  asked  to  allow  the  number  of  study 
individuals  to  be  increased. 

5.8  Additional  Safety  Issues 

5.8.1  Health  Care  Workers 

During  the  baseline  and  vehicle  control  periods,  there  are  no  additional 
safety  issues  for  health  care  workers  beyond  those  for  usual  clinical  proce- 
dures for  the  evaluation  and  care  of  individuals  with  cystic  fibrosis.  During 
the  AdCFTR  experimental  therapy  period,  the  health  care  workers  will  be 
exposed  to  no  additional  safety  concerns  beyond  those  for  dealing  with 
patients  with  infectious  virus  infection  that  can  be  spread  by  the  respiratory 
and/or  oral- fecal  routes.  Recommendations  of  the  NIH  Biosafety  Office  will  be 
followed  for  handling  patients,  biologic  materials,  bedding,  towels,  etc. 
Appropriate  training  sessions  developed  by  the  Pulmonary  Branch,  NHLBI  in 
conjunction  with  the  NIH  Biosafety  Office  will  be  used  to  educate  all  health 
care  workers  as  to  the  protocol  and  relevant  hazards,  precautions  and 
procedures . 

5.8.2  Environment 
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After  receiving  the  AdCFTR  experimental  treatment,  the  risk  to  the  environment 
while  the  patient  is  on  the  7 West  ward  will  be  negligible,  based  on  the 
isolation  procedures  and  patient  rooms  as  described  in  section  5.6.4.  In  the 
context  that  the  patient  will  not  be  discharged  until  shedding  from  blood, 
urine,  nose,  pharynx,  or  rectal  sites  has  been  documented  not  to  occur  on 
three  separate  days,  the  risk  to  the  environment  after  discharge  is  limited  to 
the  possibility  that  the  individual  will  become  infected  with  a virus  that 
will  either  complement  or  recombine  with  AdCFTR  DNA  still  present  in  this 
individual.  From  the  data  available  (see  sections  4.1,  4.5,  4.7,  4.8,  4.9  and 
Table  5.2-A),  this  is  very  unlikely,  but  cannot  be  proven  impossible  without 
carrying  out  the  human  trial. 

If  complementation  were  to  occur,  the  risk  to  the  environment  might  be  small 
amounts  of  AdCFTR  released.  Since  AdCFTR  is  replication  deficient,  this  will 
have  limited  spread.  If  an  individual  (other  than  the  original  patient)  were 
to  be  exposed,  in  the  context  that  animal  studies  show  no  risk  from  the 
exogenous  gene  (the  CFTR  cDNA) , there  should  be  no  risk,  particularly  in  the 
context  that  shedding  will  be  associated  with  far  less  amounts  of  AdCFTR  that 
will  be  administrated  to  the  study  individuals. 

If  recombination  were  to  occur,  the  most  likely  possibility  is  that  it  would 
occur  from  a crossover  between  the  left  end  of  the  new  infecting  virus 
(providing  the  missing  El  functions)  and  the  right  end  of  AdCFTR  i.e.,  (this 
would  produce  a replication  competent  E3~  Ad5) . As  discussed  in  section  4.8, 
this  should  be  no  different,  and  likely  less  virulent,  than  a replication 
competent  E3+  adenovirus . This  concept  is  supported  by  a human  trial  with 
oral  administration  of  a replication  competent  E3~  recombinant  hepatitis 
adenovirus  vaccine  (Tacket  et  al . , 1992). 

In  the  event  that  AdCFTR  continues  to  be  shed  from  the  study  individual 
following  administration,  or  AdCFTR  recombines  with  another  virus  or  other 
genetic  information  to  create  a new  replication  competent  virus  that  continues 
to  be  shed  by  the  study  individual,  it  is  theoretically  possible  that  either 
AdCFTR  or  a new  replication  competent  virus  could  be  released  to  the 
environment.  Together,  the  available  data  argues  that  this  theoretical 
possibility  does  not  pose  a risk  to  the  environment  should  it  occur.  The 
unlikely  scenario  of  the  study  individual  insisting  on  leaving  the  isolation 
conditions  with  the  knowledge  of  shedding  of  either  AdCFTR  or  a new  virus  is 
discussed  in  detail  in  section  5.2  and  in  the  Consent  Form  (section  5.13),  as 
are  the  possible  recourses  of  the  physicians  caring  for  the  individual  if  they 
felt  the  study  individual  posed  a risk  for  society. 

5.9  Risk-Benefit  Considerations  for  the  Patient 

The  risks  to  the  patient,  and  the  efforts  made  to  minimize  those  risks,  are 
detailed  in  sections  5. 1-5. 6.  Cystic  fibrosis  is  a fatal  disease  with  no 
alternative  therapies  other  than  transplantation,  a high  risk,  unproven  and 
costly  procedure  (see  sections  1.1-1. 5).  The  definite  benefits  of  this  initial 
toxicity/eff icacy  study  are  minimal,  although  there  is  a possibility  that  the 
AdCFTR  experimental  treatment  will  stabilize  the  respiratory  disease,  at  least 
in  one  lung.  These  risk-benefit  considerations  are  detailed  for  the  patient  in 
the  Informed  Consent. 
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5.10  Post-Study  Patient  Follow-up 

The  detailed  data  for  the  study  will  accrue  during  the  baseline  period,  the 
vehicle  control  period  and  the  AdCFTR  experimental  treatment  period  through 
day  60.  Following  discharge  (see  section  5.6.4  for  criteria),  there  will  be 
follow-up  monthly  for  months  5-12,  every  6 months  for  months  18  and  24,  and 
thereafter  on  a yearly  basis. 

5.11  Clinical  Facilities  for  the  Study 

The  study  will  be  conducted  on  the  Pulmonary  Branch,  NHLBI  7 West  in-patient 
care  unit  in  the  NIH  Clinical  Center.  The  patient  rooms  to  be  used  will  be 
devoted  entirely  to  this  study  and  will  be  converted  to  negative  pressure  to 
the  corridor  and  filtered  as  approved  by  the  Biosafety  Office,  NIH.  The  7 West 
in-patient  care  unit  is  appropriately  equipped  to  handle  all  relevant  inter- 
current illnesses  and  adverse  reactions  and  the  Pulmonary  Branch  physicians 
are  fully  qualified  to  handle  these  patients  and  relevant  possible 
complications.  Following  discharge,  follow-up  evaluations  of  the  patients  will 
be  in  regular  patient  rooms  on  the  NHLBI  7 West  in-patient  care  unit  or  in  the 
NHLBI  Outpatient  Clinic,  ACRF. 

5.12  Privacy  and  Confidentiality 

The  privacy  of  the  patients  and  all  confidentiality  issues  will  be  handled  in 
accordance  with  the  NIH  Clinical  Center  guidelines 

5.13  Informed  Consent 

The  informed  consent  document  that  follows  is  in  the  format  required  by  the 
NIH  and  is  found  at  the  end  of  section,  after  5.15. 

5.14  Reporting  of  Serious  Adverse  Effects 

As  detailed  in  section  5.6.6,  reports  of  adverse  reactions  will  be  made  to  the 
ICRS,  NHLBI,  IBC,  NIH,  RAC,  and  the  FDA  within  24  hours  of  its  recognition  in 
accordance  with  the  guidelines  of  each  of  these  groups. 

5.15  Future  Directions 

Based  on  this  initial  safety  and  efficacy  data,  future  studies  will  be 
designed  regarding  dose,  frequency  of  administration  and  safety  and  efficacy 
parameters.  Appropriate  statistical  and  data  base  considerations  will  be 
determined  in  consultation  with  the  Biostatistics  Research  Branch,  NHLBI. 
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5.6.2-A 

BASELINE  PERIOD1 


Initial  evaluation 
minimum  of  1 week 
before  day  1 , 


Sample  epithelium 

Left  and  right  nostril  

Left  and  right  bronchi 

Safety  and  efficacy  parameters2 

General  assessment 

Dyspnea  index 

General  blood 

CBC,  ESR 

Clotting 

Chemistry 

Other 

General  immunity 

Culture  

HIV 

Urine 

Routine 

Culture  

24  hr 

Sterility  evaluation 

EKG  

Roentgenographic 

Chest  X-ray 

Chest  CT 

Scintigraphic 

Lung  function 

Spirometry 

He  dilution,  DLCO 

Body  box 

ABG 

Sputum 

Volume 

Culture  

Bronchoalveolar  lavage 

Nasal  brush 

Bronchial  brush 

Potential  difference 

Vector-related 

Anti-Ad  antibodies 

Adenovirus  culture 

Adenovirus  DNA 

Serum  TNF 
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Footnotes,  Figure  5.6.2-A 


1 Individuals  will  be  evaluated  in  pairs.  Movement  from  baseline  period  to 
vehicle  control  period  will  occur  if  all  study  inclusion  and  exclusion 
criteria  are  met  at  the  completion  of  the  baseline  period. 

2 For  definitions  and  details  see  section  5.5;  1 = test  will  be  performed; 
□ - test  optional. 
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5.6.3-A 

VEHICLE  CONTROL  PERIOD1 


Necessary  only  if 
baseline  period  >1 
week  before  day  1 


Administer  vehicle2,3 
Left  nostril  (0.2  ml) 
Left  bronchi  (20  ml) 
Sample  epithelium 


Left  and  right  nostril  

Left  and  right  bronchi 

Safety  and  efficacy  parameters4 

Genera!  assessment 

Dyspnea  index 

General  blood 

CBC,  ESR 

Clotting 

Chemistry 

Other 

General  immunity 

Culture  

Urine 

Routine 

Culture  

24  hr 

EKG  


Roentgenographic 

Chest  X-ray 

Chest  CT 

Scintigraphic 

Lung  function 

Spirometry 

He  dilution,  DLCO  . . 

Body  box 

ABG 

Sputum 

Volume 

Culture  

Bronchoalveolar  lavage 

Nasal  brush 

Bronchial  brush 

Potential  difference  . . . 

Vector-related 
Anti-Ad  antibodies . . 
Adenovirus  culture.  . 
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Footnotes,  Figure  5.6.3-A 

1 Movement  from  vehicle  control  to  AdCFTR  period  will  occur  within  one 
month  of  completion  of  the  vehicle  control  period. 

2 Vehicle:  10  mM  Tris-Cl,  pH  7.4,  1 mM  MgCl2,  3.3%  glycerol. 

3 Administration  of  vehicle  will  be  to  the  left  nostril  and  the  left  bronchus 

(with  the  right  nostril  and  bronchus  as  controls)  unless  anatoraic/clinical 
reasons  suggest  the  opposite  side  is  better;  if  so,  the  vehicle  will  be 
administered  to  the  right  side  and  the  left  side  will  be  the  control. 

u For  definitions  and  details,  see  section  5.5;  ■ = test  will  be  performed; 

□ = test  optional;  for  general  blood  studies,  on  day  1,  CBC  and  ESR  will 
be  sampled  at  4 hr  and  8 hr,  on  day  2,  at  4 hr  and  8 hr. 
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5.6.4-A 

AdCFTR  EXPERIMENTAL  TREATMENT  PERIOD1'2 


Necessary  only  if 
vehicle  control  period 
>1  week  before  day  1 


Days 


Months6 


Years6 


Administer  AdCFTR3 

Left  nostril  (0.2  ml) 

Left  bronchi  (20  ml) 

Sample  epithelium 

Left  and  right  nostril  

Left  and  right  bronchi  

Safety  and  efficacy  parameters4 

General  assessment 

Dyspnea  index 

General  blood 

CBC,  ESR5. 

Clotting 

Chemistry 

Other 

General  immunity 

Culture 


Urine 
Routine 
Culture 
24  hr  . . 


EKG  

Roentgenographic 

Chest  X-ray 

Chest  CT 

Scintigraphic 

Lung  function 

Spirometry 

He  dilution,  DLCO  . . 

Body  box 

ABG 


Sputum 

Volume 

Culture  

Bronchoalveolar  lavage. 

Nasal  brush 

Bronchial  brush 

Potential  difference 


Vector-related 
Anti-Ad  antibodies . . 
Adenovirus  culture.  . 
Adenovirus  DNA  . . . 

Serum  TNF 


pill 

hm 
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HIV. 
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Footnotes,  Figure  5.6.4-A 


1  Group  1,  n - 2, 

Group  2,  n - 2, 

Group  3 , n - 2 , 

Group  4,  n - 2, 

Group  5 , n - 2 , 


106  pfu/ml, 

108  pfu/ml, 

109  pfu/ml, 

10 10  pfu/ml, 

1011  pfu/ml, 


0.2  ml/nostril, 
0.2  ral/nostril, 
0.2  ml/nostril, 
0.2  ml/nostril, 
0.2  ml/nostril, 


20  ml/bronchus 
20  ml/bronchus 
20  ml/bronchus 
20  ml/bronchus 
20  ml/bronchus 


2  The  n - 2 individuals  in  each  group  will  be  treated  in  parallel;  subsequent 
groups  will  enter  the  protocol  2 weeks  after  administration  of  AdCFTR  to  the 
preceding  group  if  no  adverse  reactions  have  been  observed  (see  section 
5.6.6)  and  no  adenovirus  can  be  detected  in  nasal,  pharynx,  blood,  rectal  or 
urine  cultures  of  the  preceding  group  on  3 separate  days. 


3  Administration  of  AdCFTR  will  be  to  the  left  nostril  and  left  bronchus 

(with  the  right  nostril  and  bronchus  as  controls)  unless  anatomic/clinical 
reasons  suggest  the  opposite  side  is  better;  if  so,  AdCFTR  will  be  adminis- 
tered to  the  right  side  and  the  left  side  will  be  the  control. 


9 For  definitions  and  details,  see  section  5.5;  ■ = test  to  be  performed; 
□ = test  optional. 


5 On  day  1,  samples  at  4 hr,  8 hr ; on  day  2,  samples  at  4 hr,  8 hr. 

6 "18-24"  = evaluation  at  months  18  and  24;  "years"  = yearly  evaluation 
starting  at  year  3. 


[770] 


Recombinant  DNA  Research,  Volume  16 


CLINICAL  CENTER  HOSPITAL  IMPACT  STATEMENT 
(Projected  Utilization  of  Resources) 


Protocol  Title:  Gene  Therapy  of  the  Respiratory  Manifestations  of  Cystic  Fibrosis  Using 

a Replication  Deficient,  Recombinant  Adenovirus  to  Transfer  the  Normal  Human  Cystic 
^ Fibrosis  Trans membrane  Conductance  Regulator  cDNA  to  Airway  Epithelium 

Institute:  NHLBI  Principal  Investigator:  Ronald  G.  Crystal.  M.D. 

following 

Start  Date  for  S tudv : approvals  Duration  of  Study:  indefinite 


Drug  Trial:  Yes  (X)  No  ( ) Phase:  I (X)  II  ( ) III  ( ) 

IND  or  IDE  Required:  Yes(x)  No(  ) Radiation  Safety  Review  Required:  Yes  ( ) No  (X  ) 


Total  Number  (#)  of  # patients  in 

Patients  in  Study:  in pts.  first  year:  10  pts. 


maximum  # patients 
at  any  time: 

6 pts.  per  6 months 


Number  of  Inpatient 
Admissions  per  Patient:  9 


Average  Length  of 

Stay  per  Admission:  7-120 


# admissions 

adm.  in  first  year:  2. adm. 

pt.  pt. 

length  of 
first 

days  admission:  120  days 

adm.  adm. 


# admission  in 
each  subsequent 
year:  1~2  adm. 

pt. 

length  of  each 
follow-up 

admission:  Z days 

adm . 


Number  of  Surgical 
Procedures  per  Patient: 

n procedures/patient 


length  of 
pre-op 

stay:  _0 days 


length  of 
post-op 

stay:  0 days 


Nursing  Unit(s) : 7 West Clinical  Floor:  

Special  Care  Units:  (Check  any  that  will  be  used  during  the  study) 
2J  ( ) 10D  ( ) 12W-LAF  ( ) 5W-Care  Room  ( ) Other:  


Level  of  Nursing  Care:  (Check  the  most  intensive  level  expected) 


( ) Ambulatory  Care:  e.g.,  0-3  hrs.  per  24  hrs . 

( ) Minimal  Care  (mild  symptoms;  minimal  assistance):  e.g.,  3-6  hrs.  per  24  hrs. 

(x)  Moderate  Care  (frequent  treatment,  observation  or  instruction): 
e.g.,  6-12  hrs.  per  24  hrs. 

( ) Complex  Care  (extreme  symptoms,  need  full  assistance):  e.g.,  12-24  hrs.  per  24  hrs. 


# Visits 

Total  Outpatient  in  first 

Visits  per  Patient:  0 visits  year:  0 visits 

pt.  pt. 


# Visits  each 

subsequent 

year:  0 visits 


pt. 


Is  a flowchart  of  scheme  included  in  the  protocol?  Yes  & ) No  ( ) . Please  include  a 
scheme  or  flowchart  for  complex  protocols. 


Additional  Comments: 
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CONSENT  TO  PARTICIPATE  IN  A CLINICAL  RESEARCH  STUDY 

• Adult  Patient  or  • Parent,  for  Minor  Patient 


INSTITUTE'  National  Heart,  Lung,  and  Blood  Institute 

STUDY  NUMBER  PRINCIPAL  INVESTIGATOR: 

STUDY  TITLE'  Gene  Therapy  of  the  Respiratory  Manifestations  of 


Ronald  G.  Crystal,  M.D. 


Cystic  Fibrosis  Using  a 


Replication  Deficient,  Recombinant  Adenovirus  to  Transfer  the  Normal  Human  Cyoti-  Fibrosis 
Transmembrane  Conductance  Regulator  cDNA  to  tne  Airway  Epithelium. 


INTRODUCTION 

We  invite  you  (or  your  child)  to  take  part  in  a research  study  at  the  National  Institutes  of  Health.  It  is  important  that 
you  read  and  understand  several  general  principles  that  apply  to  all  who  take  part  in  our  studies:  (a)  taking  part  in  | 

the  study  is  entirely  voluntary;  (b)  personal  benefit  may  not  result  from  taking  part  in  the  study,  but  knowledge  may 
be  gained  that  will  benefit  others;  (c)  you  may  withdraw  from  the  study  at  any  time  without  penalty  or  loss  of  any 
benefits  to  which  you  are  otherwise  entitled.  The  nature  of  the  study,  the  risks,  inconveniences,  discomforts,  and 
other  pertinent  information  about  the  study  are  discussed  below.  You  are  urged  to  discuss  any  questions  you  have 

about  this  study  with  the  staff  members  who  explain  it  to  you. 

Purpose  and  Background 

. 

The  purpose  of  this  consent  document  is  to  explain  to  you  the  possible  risks 
and  benefits  of  an  experimental  gene  therapy  protocol  for  the  treatment  of 
cystic  fibrosis.  You  will  receive  a copy  of  the  protocol  itself,  which  is 
referred  to  throughout  this  consent  document.  We  encourage  you  to  read  the 
protocol  and  to  ask  as  many  questions  as  you  feel  are  necessary  to  help  you 
understand  and  make  an  informed  decision  regarding  participation  in  this 
clinical  trial. 

It  is  important  for  you  to  understand  that  this  is  an  initial  trial  designed 
to  evaluate  toxicity  (possible  side  effects)  and  efficacy  (possible  positive 
results) . There  is  no  guarantee  that  this  experimental  gene  therapy  will 
result  in  an  improvement  in  your  lung  function,  general  health,  or  prognosis 
(future  health).  The  definite  benefits  of  participating  in  this  initial 
toxicity/efficacy  study  are  unknown.  There  is  a small  possibility,  however, 
that  the  experimental  treatment  will  slow  or  prevent  the  progression  of  the 
manifestations  of  cystic  fibrosis  in  your  lung.  The  trial  will  take  a 
considerable  amount  of  time  (a  minimum  of  4 months)  and  it  involves  risks  that 
are  important  for  you  to  understand. 


Individuals  with  cystic  fibrosis  (CF)  have  abnormal  lung  function  because  they 
lack  the  presence  of  a normal  functioning  gene,  called  the  "cystic 
transmembrane  conductance  regulator"  (CFTR)  gene,  in  the  cells  lining  the 
lung.  Instead,  such  individuals  contain  in  their  lung  cells  mutations 
(alterations  in  the  normal  DNA  sequence)  in  the  CFTR  genes  which  they  have 
inherited  from  both  parents.  These  mutations  cause  CF  because  of  the 
inability  of  the  mutated  gene  to  produce  ah  effective  CFTR  protein.  This 
protocol  attempts  to  compensate  for  this  abnormality  by  introducing  a normal 
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CFTR  gene  into  the  lung  cells  using  a modified  cold- like  virus  as  a 
transporter.  The  safety,  effectiveness,  and  practicality  of  this  approach 
will  be  evaluated  during  the  course  of  the  protocol. 


The  modified  virus  to  be  used  is  called  AdCFTR.  It  is  a modified  adenovirus, 
that  is,  a laboratory-altered  virus  that  can  infect  cells  in  the  lung  like  a 
"cold"  virus,  but  unlike  a "cold"  virus,  AdCFTR  cannot  reproduce  itself  in 
human  lung  cells.  AdCFTR  has  had  inserted  into  it  the  normal  human  CFTR  gene, 
which  directs  the  production  of  the  CFTR  protein  essential  for  normal  function 
of  the  lung.  The  AdCFTR  virus  is  capable  of  carrying  the  normal  human  CFTR 
gene  into  the  lung  cells  of  animals  where  it  produces  the  normal  human  CFTR 
protein.  Also,  in  the  laboratory,  AdCFTR  can  transfer  the  normal  CF  gene  to 
lung  cells  recovered  from  individuals  with  CF,  and  these  cells  then  produce 
the  normal  human  CFTR  protein.  If  AdCFTR  can  achieve  this  in  the  lung  cells 
of  live  animals,  and  in  cells  recovered  from  the  lungs  of  individuals  with  CF, 
it  is  reasonable  to  expect  that  this  may  also  be  achieved  in  the  lung  cells  of 
individuals  with  CF  when  these  cells  are  still  in  the  lung.  The  hope  is,  that 
this  may  then  compensate  for  the  lack  of  a normal  gene  in  the  lung  cells  of 
these  individuals.  There  is  no  guarantee  that  this  will  occur  or  that  if  it 
does  it  will  make  a difference  in  the  lung  function,  general  clinical  status, 
or  prognosis  of  individuals  participating  in  the  protocol. 


Overview  of  Cystic  Fibrosis 


Cystic  fibrosis  is  a common  disorder  affecting  1 in  every  2000  births  in 
Caucasians.  It  is  acquired  by  receiving  abnormal,  instead  of  normal,  CFTR 
genes  from  both  parents.  The  median  survival  age  of  individuals  with  this 
disorder  is  28  years.  This  means  that  50%  of  people  with  cystic  fibrosis  will 
die  before  the  age  of  28.  Lung  disease  is  the  major  site  of  illness 
throughout  the  lives  of  most  cystic  fibrosis  patients,  and  ninety  percent  of 
the  deaths  in  cystic  fibrosis  result  from  lung  disease.  Current  therapies  to 
treat  the  respiratory  manifestations  of  CF  include  frequent  chest  percussion 
and  physiotherapy  to  mobilize  (cough  up)  the  thick  mucus  and  antibiotic 
therapy  to  reduce  infections.  Applications  of  these  therapies  and  rigorous 
attention  to  nutritional  status  (a  good  diet)  have  helped  individuals  with  CF 
live  longer.  You  are  now  receiving  the  best  presently  available  therapy  for 
your  lung  disease. 


New  therapies  for  the  respiratory  manifestations  of  CF  are  being  evaluated  at 
the  National  Institutes  of  Health  and  elsewhere.  These  therapies  include 
recombinant  DNase,  a human  protein  that  is  produced  in  the  laboratory  and  can 
cut  DNA,  one  of  the  major  components  of  the  infected  mucus  in  CF.  Preliminary 
studies  have  demonstrated  that  when  administered  as  an  aerosol  (mist)  to  the 
lung  DNAse  improves  the  ability  to  cough  out  the  infected  mucus  and  hence 
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improving  lung  function.  Aerosolized  antiproteases  (proteins  which  can 
protect  the  lung  from  being  "chewed  up"  by  enzymes  released  by  inflammatory 
cells  in  the  CF  lung)  such  as  alpha  1-antitrypsin  and  recombinant  secretory 
leukoprotease  inhibitor  are  also  being  evaluated.  Initial  studies  show  that 
they  decrease  inflammation  in  the  lung.  Amiloride,  a medicine  which  alters 
the  flow  of  salt  and  water  in  and  out  of  cells,  has  also  been  administered 
directly  to  the  lung.  While  the  results  of  these  therapies  are  encouraging, 
the  results  are  all  preliminary.  These  medicines  are  not  approved  for  general 
use,  and  they  do  not  correct  the  basic  defect  which  causes  CF  (the  gene 
abnormality) . 


J 


it 


i 


A more  radical  approach  to  CF  therapy  is  lung  transplantation.  Through  1991, 
lung  transplantation  procedures  have  been  carried  out  in  312  individuals  with 
CF  worldwide.  Overall,  there  has  been  a 3 year  survival  rate  of  approximately 
52%,  that  is,  approximately  one-half  of  the  individuals  undergoing  these 
procedure  will  be  alive  3 years  later.  While  this  procedure  effectively  cures 
the  lung  abnormalities  of  CF,  the  patient  is  left  with  a number  of  significant 
problems.  The  transplanted  or  original  lung  may  become  reinfected  with 
bacteria  from  the  nasal  sinuses.  Also,  the  patient  will  have  to  receive 
immunosuppressive  therapy  (medicine  to  prevent  the  body  reacting  against  the 
new  lung)  for  the  rest  of  their  life  because  of  a significant  risk  of 
transplant  rejection.  Perhaps  more  significant,  is  the  fact  that  there  is  a 
very  small  pool  of  lungs  available  for  transplantation.  At  any  given  time  the 
usual  waiting  period  for  donors  is  9 to  12  months. 

Overview  of  Protocol 


'1 

Because  CF  is  a hereditary  disorder  with  an  identified  genetic  defect  and 
because  most  of  its  clinical  manifestations  in  the  tracheobronchial  tree  (the 
branching  structure  that  carries  air  from  the  voice  box  to  the  air  sacs),  it 
is  reasonable  to  try  to  treat  CF  by  delivering  the  normal  gene  to  the  cells 
lining  the  tracheobronchial  tree.  How  can  the  normal  gene  be  delivered  to 
these  cells?  The  delivery  system  in  this  protocol  involves  placing  the  normal 
CFTR  gene  into  AdCFTR,  a virus  that  has  been  modified  in  the  laboratory,  that 
can  infect  cells  in  the  lung  like  a "cold"  virus  but  cannot  reproduce  itself 
in  human  lung  airway  cells.  In  this  fashion,  AdCFTR  will  be  used  like  a 
shuttle  to  "ferry"  the  normal  gene  to  the  lung  cells,  thus  compensating  for 
the  lack  of  normal  CFTR  genes.  AdCFTR  will  be  administered  to  the  respiratory 
tract  of  individuals  with  CF  at  two  sites,  the  nose  and  the  airways. 

Administration  to  the  nose  will  be  under  direct  vision  through  a nasal 
speculum  (a  small  cone-like  device  that  can  easily  be  inserted  into  the  nose). 
Administration  to  the  airways  will  be  through  a bronchoscope  (a  flexible 
fiberoptic  tube  that  can,  with  appropriate  sedation  and  anesthesia,  be  placed 
via  the  nose  or  mouth  into  the  lung;  see  below  for  a more  detailed 
explanation) . AdCFTR  will  be  placed  in  a small  amount  of  fluid  known  as  a 
vehicle.  This  vehicle  is  composed  of  a dilute  mixture  of  salts  and  buffered 
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glycerol  (a  basic  component  of  many  natural  fats  in  the  body) . It  ensures 
that  the  virus  remains  functional.  The  actual  volumes  of  material  to  be 
administrated  are  0.2  milliliters  to  the  nose  (about  4 drops)  and  20 
milliliters  to  the  airways  (about  4 teaspoons).  These  volumes  will  not  be 
uncomfortable  for  the  patient. 


The  protocol  is  designed  to  answer  a number  of  important  questions  regarding 
gene  therapy  for  CF. 


(1)  Is  it  safe  to  administer  the  modified  adenovirus,  AdCFTR,  to  the  airways 
of  individuals  with  CF? 


(2)  Will  transfer  of  the  normal  CFTR  gene  to  respiratory  epithelial  cells 
of  individuals  with  CF  enable  these  cells  to  produce  a normal, 
functional  CFTR  protein?  Ultimately,  the  question  is:  will  this 
strategy  normalize  that  part  of  the  lung  to  which  the  normal  gene  has 
been  transferred? 

(3)  How  long  will  this  effect  last? 

(4)  Is  biologic  correction  (production  of  a normal  CFTR  protein)  sufficient 
to  correct  the  abnormal  electrical  potential  difference  of  the  airway 
surface  that  occurs  because  of  the  underlying  abnormalities  in  CF? 

(5)  Is  there  improvement  in  respiratory  clinical  parameters  (lung 
measurements  and  functions)  relevant  to  the  disease  process?  For 
example,  does  lung  function  improve?  Is  sputum  production  decreased?  Is 
the  amount  of  infection  decreased? 

(6)  Does  the  body  develop  immunity  against  AdCFTR  that  will  prevent 
subsequent  administrations,  i.e.,  will  the  body  react  against  the 
modified  virus  to  prevent  it  from  transferring  the  normal  gene  to 
the  lung  should  repeated  administrations  be  necessary? 

Inclusion  and  Exclusion  Criteria: 


Based  on  the  natural  course  of  cystic  fibrosis,  the  need  to  maximize  safety 
while  at  the  same  time  performing  various  tests  to  evaluate  the  effectiveness 
of  the  treatment,  the  following  inclusion  and  exclusion  criteria 
(requirements)  for  the  study  population  have  been  defined.  These  criteria 
will  be  determined,  to  the  extent  possible,  before  entry  into  the  protocol; 
some  however  will  not  be  measurable  until  the  baseline  evaluation  part  of  the 
protocol  (see  section  5.6  in  the  protocol).  It  is  possible,  therefore,  that 
although  started,  at  some  point  you  will  not  be  able  to  continue  in  the 
protocol  if  you  do  not  meet  these  criteria.  Likewise,  there  are  possibilities 
as  part  of  the  natural  history  of  your  disease  (i.e.,  unrelated  to  the 
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protocol  itself)  of  you  becoming  ill  during  the  protocol.  In  such 
circumstances  you  may  not  be  able  to  receive  treatment  with  AdCFTR  or  to 
continue  with  the  protocol.  These  possibilities  and  how  they  will  be  handled 
are  discussed  in  section  5.6  of  the  protocol. 

Inclusion  criteria: 


Study  individuals  must  have  cystic  fibrosis  as  defined  by  routine  clinical 
criteria  (cough,  abundant  sputum  production,  recurrent  lung  infections,  etc.), 
a positive  sweat  chloride  test,  a genotype  of  mutations  of  both  CFTR  alleles 
(abnormal  DNA  sequences)  of  the  type  "delta  F508"  (the  most  common  mutation 
known  to  be  associated  with  the  disease)  or  at  least  one  CFTR  allele  (one 
portion  of  the  DNA  sequence)  of  the  "delta  F508"  type  and  the  other  known  to 
be  incapable  of  producing  the  CFTR  messenger  RNA  (the  product  of  the  gene 
within  the  cell) . 


Study  subjects  may  be  either  male  or  female.  To  be  absolutely  sure  that  the 
normal  human  CFTR  gene  being  administered  in  AdCFTR  cannot  be  transferred  to 
the  germ  line  (that  is,  the  sperm  in  males  and  the  eggs  in  females),  only 
individuals  with  absolute  proof  of  sterility  (inability  to  have  children) 
will  be  accepted  for  treatment  with  AdCFTR.  Azoospermia  (no  sperm)  on  semen 
analysis  is  accepted  as  evidence  of  sterility  for  males  while  properly 
documented  total  hysterectomy  (removal  of  the  uterus) , and/or  oophorectomy 
(removal  of  the  ovaries)  is  accepted  as  sterility  for  women.  These  criteria 
are  specifically  intended  to  ensure  that  should  the  AdCFTR  in  some  unforeseen 
way  affect  the  reproductive  cells  there  would  be  no  transmission  (inheritance 
to  a child)  of  new  or  altered  genes. 


All  subjects  should  have  antibodies  against  adenovirus  type  5 in  their  blood. 
This  is  a safety  precaution  so  that  in  the  event  of  movement  of  AdCFTR,  or 
related  adenoviruses,  into  the  bloodstream  the  natural  defenses  of  the  body 
will  be  ready  to  neutralize  them. 

All  study  subjects  must  be  21  years  or  older.  This  is  for  two  reasons.  First 
to  be  sure  that  their  airways,  being  fully  grown,  are  of  sufficient  size  to 
allow  repeated,  safe,  sampling  via  fiberoptic  bronchoscopy  (see  below).  The 
second  reason  is  that  study  subjects,  being  made  aware  of  all  the  possible 
risks  and  benefits  of  participating  in  this  protocol,  can  give  full  informed 
consent . 

Participants  in  the  protocol  must  have  lung  disease  typical  of  CF  yet  have  a 
forced  expired  volume  in  one  second  (FEV1;  a routine  lung  function  test)  of  at 


All  study  subjects  should  be  capable  of  providing  informed  consent. 
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least  1.2  liters.  Such  individuals  should  have  typical  respiratory 
manifestations  of  CF  but  still  be  able  to  undergo  the  various  tests  such  as 
bronchoscopy  which  are  needed  to  prove  effectiveness  yet  require  a certain 
minimum  lung  function  to  be  performed  safely. 


Participants  must  have  a Shwachman  score  of  40  to  70  (mild  to  moderate 
disease;  see  protocol  section).  This  is  a measure  of  the  severity  of  CF  based 
on  various  clinical  criteria.  If  there  is  gastrointestinal  (digestive)  or 
liver  disease  present,  it  must  be  mild  and  stable  with  appropriate  therapy. 

The  Shwachman  score  criteria  is  required  so  that  typical  individuals  with  CF 
are  studied  but  whose  disease  is  sufficiently  mild  (or  moderate)  that  they  are 
able  to  undergo  the  somewhat  lengthy  protocol  without  excessive  problems. 
Stable  gastrointestinal  and  liver  status  are  necessary  to  ensure  that  changes 
in  the  patient's  non- respiratory  status  do  not  interfere  with  the  evaluation 
of  the  impact  of  this  experimental  treatment  with  AdCFTR  on  the  respiratory 
manifestations  of  CF. 

Patients  with  diabetes  mellitus  which  is  well  controlled,  that  is,  no  episodes 
of  diabetic  ketoacidosis,  hyperosmolar  coma  or  hypoglycemic  attacks 
(exceedingly  high  or  low  blood  sugar  levels)  requiring  hospitalization  within 
the  previous  three  years,  are  acceptable  for  inclusion.  This  criterion  is 
intended  to  ensure  that  changes  in  the  subjects  non-respiratory  status  do  not 
interfere  with  the  evaluation  of  the  impact  of  the  experimental  treatment  on 
the  respiratory  manifestations  of  CF. 

Participants  must  be  able  to  undergo  nasal  brushing  without  complications. 
Nasal  brushing  is  a technique  used  to  obtain  lining  cells  from  the  nose.  This 
is  a critically  important  part  of  the  protocol  because  evaluation  of  these 
cells  will  form  one  of  the  measures  of  success  of  transferring  the  normal  CFTR 
gene  to  the  participant's  cells.  It  is  important  that  the  subject  be  able  to 
undergo  this  procedure  without  the  prospect  of  complications,  for  example  a 
history  of  recurrent  nosebleeds,  abnormal  anatomy  of  the  nose  or  allergies  to 
local  anesthesia  (numbing  medicine  placed  in  the  nose  to  prevent  discomfort 
when  the  brushing  is  performed).  Should  the  subject  have  these  or  other 
problems  which  preclude  the  safe  brushing  of  the  nose  they  would  not  be  able 
to  participate  in  the  protocol. 


Participants  must  be  able  to  undergo  fiberoptic  bronchoscopy  with  brushing  of 
the  large  airways  and  brochoalveolar  lavage  without  complications . Fiberoptic 
bronchoscopy  with  brushing  and  bronchoalveolar  lavage  is  an  important  part  of 
the  protocol  without  which  it  is  impossible  to  measure  the  safety  and 
effectiveness  of  this  treatment  in  those  areas  of  the  lung  most  severely 
affected.  These  procedures  are  safe  and  relatively  easily  tolerated.  They 
are  described  in  more  detail  later  in  this  consent  form.  Some  subjects, 
however,  may  feel  unable  to  undergo  the  procedures  for  either  personal  or 
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clinical  reasons,  for  example  markedly  abnormal  clotting  parameters,  (a 
tendency  for  easy  bleeding) , allergies  to  local  anesthesia  (numbing  medicine) 
or  markedly  difficult  entry  through  the  air  passages  (difficulty  tolerating 
the  placement  of  the  fiberoptic  tube  in  the  airways) , 

Study  subjects  should  not  be  taking  experimental  medicines  relevant  to  the 
lung  disease  of  CF  for  at  least  4 weeks  prior  to  entry  into  study.  Such 
medicines  include  recombinant  human  DNase,  alpha  1-antitrypsin,  recombinant 
secretory  leukopro tease  inhibitor,  or  amiloride.  If  study  subjects  were  on 
these  medicines  it  would  be  difficult  to  understand  whether  changes  or 
improvements  were  due  to  the  gene  therapy  treatment  in  this  protocol  or  to 
these  other  experimental  medicines. 


Study  subjects  should  be  able  to  stay  at  the  NIH  Clinical  Center  for  a minimum 
of  4 months.  Additionally,  they  will  be  asked  to  return  to  the  Clinical 
Center  once  a month  for  10  months,  at  6 month  intervals  over  the  next  year, 
and  then  once  yearly  thereafter.  This  is  in  order  to  test  for  safety  and 
effectiveness  of  the  treatment  during  the  administration  part  and  follow-up. 


Assessment  of  airway  epithelium  of  study  candidates  should  show  no  evidence  of 
adenovirus  type  5 Ela  sequences  (genes  from  naturally  occurring  adenoviruses). 
This  is  in  order  to  prevent,  as  far  as  possible,  any  contact  between  naturally 
occurring  adenoviruses  and  the  AdCFTR  virus.  Such  contact  could  possibly 
enable  the  AdCFTR  virus  to  reproduce  or  give  rise  to  a new  virus  by 
incorporating  parts  of  the  AdCFTR  virus  with  other  viruses. 

Cultures  of  bronchial  brush,  nasal  brush  or  bronchoalveolar  lavage  samples 
from  study  subjects  must  not  demonstrate  evidence  of  adenovirus, 
cytomegalovirus,  varicella-zoster  virus,  herpes  simplex  viruses  I and  II, 
influenza  viruses  A and  B,  parainfluenza  viruses  1,  2 and  3,  or  respiratory 
syncytial  virus.  As  described  above,  these  criteria  are  designed  to  prevent 
contact  between  AdCFTR  and  other  viruses . 

To  enter  the  protocol,  individuals  must  have  airway  cells  that  do  not  support 
the  replication  (the  capacity  of  the  virus  to  reproduce  itself)  of  AdCFTR. 

This  is  to  ensure  that  the  AdCFTR  virus  will  remain  replication  incompetent 
when  infecting  (ferrying  the  normal  CF  gene  to)  the  study  subject's  lung 
cells . 


Study  subjects  should  have  no  history  of  allergy  to  glycerol  (part  of  the 
solution  used  to  carry  the  virus)  or  to  medicines  used  in  the  bronchoscopy 
procedures.  This  is  to  minimize  any  potential  for  allergic  reactions. 

Study  subjects  should  have  no  history  of  documented  tracheobronchitis  and/or 
pneumonia  caused  by  an  adenovirus  (the  virus  used  as  the  framework  for 
AdCFTR) . 
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All  subjects  should  have  reproducible  airway  epithelial  potential  difference 
to  subcutaneous  tissues  of  > -40  mV.  Electrical  potential  difference  is  a 
measurement  of  the  electric  charge  on  one  surface  compared  with  another.  The 
value  of  > -40  mV  is  expected  for  cystic  fibrosis  individuals.  This  technique 
is  described  in  more  detail  below  and  in  the  protocol,  section  5. 


Two  criteria  require  the  potential  study  participant  to  manifest  some  of  the 
classical  abnormalities  associated  with  CF  in  their  airway  epithelial  lining 
cells.  These  will  be  evaluated  by  obtaining  from  the  prospective  participant 
airway  epithelial  lining  cells  and  evaluating  them  in  the  laboratory.  The 
criteria  are  as  follows: 


1.  Airway  epithelial  cells  not  expressing  the  CFTR  gene  in  a normal  fash- 
ion, such  that  the  CFTR  protein  (the  product  of  the  CFTR  gene) , cannot 
be  detected  using  established  laboratory  criteria. 

2.  All  subjects  should  have  airway  epithelial  CFTR  mRNA  demonstrating  the 
common  "delta  F508"  CFTR  mutation  known  to  be  associated  with  CF  or  the 
"delta  F508"  mutation  along  with  what  is  referred  to  as  a "null"  muta- 
tion (a  rare  cause  of  CF) . This  means  that  the  airway  cells  recovered 
from  prospective  participants  must  show,  by  laboratory  analysis,  evi- 
dence of  the  abnormal  gene  sequences  known  to  cause  CF.  The  study  is 
limited  to  those  mutations  for  technical  reasons  associated  with  analy- 
sis of  the  cells  in  the  lung  following  treatment. 


3 .  As  a secondary  criteria  (depending  on  the  availability  of  the  airway 
cells  and  technical  aspects  of  carrying  out  the  study  in  the  laborato- 
ry) , the  airway  epithelial  cells  will  be  evaluated  for  their  inability 
to  secrete  Cl~  (part  of  table  salt)  in  a normal  fashion  in  response  to 
cAMP.  A laboratory  test  will  evaluate  the  airway  lining  cells  removed 
by  nasal  brushing  and  by  bronchial  brushing.  In  airway  cells  removed 
from  individuals  with  CF,  stimulation  of  the  cells  with  cAMP  (a  regula- 
tory molecule  within  cells)  reveals  abnormalities  in  the  movement  of 
salts  and  fluids  (this  includes  Cl")  in  and  out  of  the  cells. 


All  study  subjects,  to  enter  the  experimental  treatment  part  (part  3)  where 
AdCFTR  is  administered,  must  be  willing  to  remain  at  the  NIH  clinical  center 
until  they  reach  "outpatient  criteria".  These  criteria  are  explained  in  the 
protocol  in  section  5.6.4. 

The  AdCFTR  virus  has  been  designed  so  that  it  will  not  reproduce  itself  in 
cells  lining  the  airways.  This  will  be  confirmed  in  your  airway  cells  in  the 
laboratory  before  you  are  administered  AdCFTR.  Studies  in  laboratory  animals 
have  demonstrated  that  AdCFTR  can  be  detected  in  the  nose,  back  of  the  mouth, 
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the  lining  of  the  lung  or  in  the  rectum  for  a number  of  days  after  administra- 
tion and  up  to  15  days  in  a few  instances.  It  is  likely  that  this  will  be 
true  for  humans  as  well.  In  the  animal  studies,  control  animals  that  did  not 
receive  AdCFTR,  yet  were  in  the  same  environment  as  the  animals  treated  with 
AdCFTR,  did  not  get  "infected"  with  AdCFTR.  With  regards  to  the  potential 
effect  of  your  treatment  with  AdCFTR  on  other  individuals,  we  believe  that 
it's  extremely  unlikely  that  there  would  be  any  risk  of  you  causing  harm  to 
other  individuals  through  AdCFTR  should  you  leave  the  Clinical  Center  while 
AdCFTR  can  still  be  detected  in  your  body  secretions.  This  is  based  on  the 
animal  studies  described  above,  the  accumulated  knowledge  about  the  CFTR  gene, 
and  from  many  studies  of  administrating  live  adenovirus  to  humans  for  vaccine 
trials  and  vaccines.  Further,  although  we  believe  that  it  is  extraordinarily 
unlikely,  given  the  design  of  this  protocol,  that  administration  of  AdCFTR  to 
you  has  a risk  of  AdCFTR  combining  with  another  virus  or  other  genetic  infor- 
mation in  your  body  to  create  a risk  to  you  or  others , we  cannot  prove  this 
absolutely. 

Despite  our  belief  that  administration  of  AdCFTR  to  you,  as  described  in  this 
protocol,  does  not  pose  a risk  to  you  or  others,  no  animal  is  identical  to 
humans  in  regard  to  adenovirus  infection,  therefore  it  is  impossible  to  prove 
this  absolutely  without  administrating  AdCFTR  to  humans.  In  this  context,  as 
part  of  your  consent  to  participate  in  this  protocol,  we  are  asking  you  to 
agree  to  the  following: 

1.  To  minimize  the  possibility  of  your  getting  a virus  (like  an 
adenovirus)  infection  from  other  individuals,  for  10  days 
prior  to  receiving  AdCFTR,  we  ask  that  you  either  remain  in  your 
hospital  room  on  the  7 West  patient  care  unit  or  wear  a mask  and  gloves 
when  you  are  elsewhere  in  the  Clinical  Center.  When  hospital  staff  or 
other  individuals  visit  with  you  (no  one  under  age  15  will  be  allowed  to 
visit),  they  will  be  asked  to  wear  masks,  gowns  and  gloves. 

i 

2.  To  minimize  the  possibility  of  "spread"  of  AdCFTR  to  other  people,  for  a 
minimum  of  15  days  after  receiving  AdCFTR  we  ask  that  you  either  remain 
in  your  hospital  room  or  wear  a mask  and  gloves  when  elsewhere  in  the 
Clincal  Center.  When  hospital  staff  or  other  individuals  visit  with 
you,  they  will  be  asked  to  wear  masks,  gowns  and  gloves. 

3.  In  the  unlikely  (but  not  impossible)  event  that  AdCFTR  (or  a combination 
of  AdCFTR  with  another  virus)  is  detected  in  secretions  from  your  body 
(sampled  from  nose,  back  of  throat,  feces  and  urine)  for  longer  than  15 
days,  we  ask  that  you  remain  in  the  "isolation"  conditions  described  in 
(2)  until  the  virus  disappears.  While  it  is  not  anticipated  that  the 
virus  will  persist,  it  is  a theoretical  possibility.  If  it  does,  there 
is  no  way  to  estimate  how  long  the  virus  would  persist  in  your  secre- 
tions and,  theoretically,  it  could  do  so  indefinitely. 
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Should  the  events  in  (3)  above  occur,  all  efforts  will  be  made  to  make  you 
comfortable  and  to  provide  for  reasonable  social  and  personal  needs. 

I 

| 

You  should  understand,  that  we  can  only  ask  you  to  agree  to  these  conditions, 
but  cannot  compel  you  to  do  so , that  is , should  you  choose  to  leave  at  any 
time  despite  our  advice,  we  cannot  stop  you  from  doing  so.  The  one  exception 
to  this  is  in  the  extraordinarily  unlikely,  but  theoretically  possible, 
circumstance  where  the  physicians  caring  for  you  believe  that  because  of  an 
unexpected  event  AdCFTR  had  combined  with  another  virus  or  other  genetic 
information  to  create  a new  virus  believed  to  be  dangerous  to  others.  In  this 
event  the  NIH  Clinical  Center  regulations  allow  your  physicians  to  keep  you 
against  your  will  for  up  to  72  hours.  During  that  period,  they  have  the 
option  to  ask  for  a court  order  to  keep  you  confined  until  the  risk  to  others 
is  over.  We  believe  it  would  be  extremely  unlikely  for  this  to  occur,  but  we 
cannot  prove  that  it  is  impossible,  therefore  we  are  required  to  inform  you  of 
the  theoretical  possibility  of  this  occurring. 


Exclusion  criteria: 


Individuals  who  do  not  meet  the  inclusion  criteria  will  be  unable  to  partici- 
pate in  the  protocol. 


Individuals  with  active  respiratory  tract  infection  in  the  3 weeks  prior  to 
beginning  the  protocol  will  not  be  able  to  participate.  Similarly  individuals 
with  active  respiratory  tract  infections  in  the  3 weeks  prior  to  parts  2 or  3 
of  the  protocol  will  not  be  allowed  to  enter  these  parts.  Criteria  for 
diagnosis  of  infection  are  rhinitis,  pharyngitis,  conjunctivitis,  bronchitis, 
evidence  of  fever  or  changes  in  sputum  requiring  antibiotics  or  a change  in 
antibiotics . 


Individuals  with  evidence  of  cardiac,  renal,  central  nervous  system,  major 
psychiatric  disorder,  musculoskeletal  disease  or  immunodeficiency  disease, 
(including  evidence  of  human  immunodeficiency  virus  infection,  HIV)  will  be 
unable  to  participate  in  the  protocol.  The  absence  of  HIV  infection  is 
critical  because  it  might  be  dangerous  to  administer  AdCFTR  to  such  individu- 
als given  that  severe  or  lethal  adenoviral  infections  have  been  repeated  in 
individuals  with  HIV  infection. 


All  individuals  receiving  corticosteroids  or  other  immunosuppressive  medicines 
(medicines  that  decrease  the  body's  capacity  to  respond  to  infections),  will 
not  be  able  to  participate. 

Protocol : 

The  clinical  study  will  include  10  individuals  with  cystic  fibrosis.  After 
baseline  (part  1;  see  below)  and  control  vehicle  (part  2;  see  below)  periods 
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are  complete,  study  subjects  will  be  divided  sequentially  into  5 groups  based 
on  the  titer  of  AdCFTR  that  will  be  administered  (titer  is  the  amount  of 
active  virus  contained  in  1 milliliter  of  fluid,  approximately  one- fifth  of  a 
teaspoon)  in  part  3 . The  individuals  in  each  group  will  be  evaluated  in  pairs 
(not  more  than  7 days  apart) . 


group 

1: 

n - 2, 

titer 

of 

virus 

106 

group 

2: 

n = 2, 

titer 

of 

virus 

108 

group 

3: 

n - 2, 

titer 

of 

virus 

109 

group 

4: 

n = 2, 

titer 

of 

virus 

1010 

group 

5: 

n - 2, 

titer 

of 

virus 

1011 

The  three  parts  of  the  protocol  are:  part  1 - baseline  period,  part  2 - 
vehicle  control  period,  and  part  3 - AdCFTR  experimental  treatment  period. 

Part  1 (baseline)  will  last  one  month  during  which  the  study  individual 
undergoes  a variety  of  tests.  This  will  be  used  to  evaluate  whether  the 
individual  is  eligible  for  the  remainder  of  the  protocol  i.e.,  meets  all 
inclusion/exclusion  criteria.  The  baseline  period  is  also  used  to  determine 
the  "baseline"  values  for  the  safety  and  efficacy  (potential  good  results) 
measurements  to  be  used  in  parts  2 and  3 of  the  protocol.  Details  of  the 
baseline  period  (part  1)  can  be  found  in  section  5.6.2  of  the  protocol,  and  a 
schedule  of  all  tests  in  the  baseline  period  can  be  found  in  the  protocol  in 
Table  5. 6. 2. A. 

If,  after  completing  part  1,  the  study  individual  wishes  to  continue  and  still 
meets  all  the  inclusion  and  exclusion  criteria  he/she  will  next  move  to  the 
vehicle  control  period  (part  2).  In  this  part  they  again  undergo  the  same 
type  of  tests  as  in  part  1 but  with  one  difference.  They  will  have  adminis- 
tered to  their  nose  and  airway  the  "vehicle"  in  which  the  AdCFTR  is  to  be 
carried.  This  vehicle  consists  of  glycerol,  salts  and  water.  The  vehicle 
carries  AdCFTR  to  the  site  where  it  can  deliver  the  normal  CFTR  gene  to  the 
airway  cells.  The  components  of  the  vehicle  ensure  that  the  virus  remains 
effective  while  being  transported.  The  purpose  of  administering  the  vehicle 
alone  to  study  individuals  is  to  check  for  any  adverse  reaction  to  the  vehicle 
itself,  and  to  determine  the  values  for  the  safety  and  efficacy  parameters  to 
be  used  in  part  3 of  the  protocol. 


The  vehicle  will  first  be  administered  to  the  nose  through  a nasal  speculum,  a 
device  which  is  easily  inserted  into  the  opening  of  the  nose.  The  vehicle 
will  be  administered  through  the  nasal  speculum  directly  onto  the  surface  of 
the  left  nostril.  The  amount  of  vehicle  will  be  0.2  milliliter,  about  4 
drops.  The  participant  will  then  be  observed  for  24  hours  to  evaluate  any 
reactions.  If  there  are  no  adverse  reactions  to  nasal  administration  of  the 
vehicle  the  participant  will  then  receive  the  vehicle  onto  the  surface  of 
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the  major  airway  on  the  left  side  of  the  lung.  This  will  be  administered 
through  a bronchoscope.  The  volume  will  be  20  milliliters,  about  4 teaspoons. 
The  participant  will  then  be  observed  for  any  reactions  to  this  dose  of 
vehicle  or  to  the  method  of  delivery.  As  in  part  1,  a variety  of  tests  will 
be  carried  out.  The  vehicle  control  phase  will  last  one  month.  Details  of 
the  vehicle  control  period  can  be  found  in  section  5.6.3,  of  the  protocol  and 
the  schedule  of  all  tests  in  this  period  can  be  found  in  Table  5. 6. 3 -A. 

If  the  subject  wishes  to  continue  the  protocol  and  still  meets  all  the  inclu- 
sion and  exclusion  criteria,  he  or  she  may  move  on  to  the  third  part  of  the 
protocol:  the  AdCFTR  experimental  treatment  period.  On  entering  the  AdCFTR 
experimental  treatment  period  of  the  protocol  the  two  individuals  in  each 
group  will  be  staggered  by  a minimum  of  1 week.  This  means  that  the  individu- 
als will  enter  this  part  of  the  protocol  1 week  apart.  This  is  to  ensure  that 
no  serious  acute  adverse  reaction  has  occurred  in  the  first  person  at  the  dose 
level  for  that  group  before  the  second  person  from  that  group  is  started. 
Details  of  the  AdCFTR  experimental  treatment  period  (part  3)  can  be  found  in 
section  5.6.4  of  the  protocol,  and  the  schedule  of  tests  in  this  period  can  be 
found  in  Table  5.6.4-A. 


On  day  1 of  the  AdCFTR  experimental  treatment  part  of  the  protocol,  the  study 
individual  will  receive  AdCFTR,  the  modified  adenovirus  containing  the  normal 
CFTR  gene.  To  minimize  the  risk  of  infection  with  a different  naturally 
occurring  virus  for  the  10  days  before  administration  of  AdCFTR,  the  study 
individual  will  be  isolated,  that  is,  requested  to  remain  within  the  confines 
of  the  NIH  Clinical  Center.  While  in  his  or  her  room,  no  special  precautions 
are  needed  but  when  going  outside  the  room  gloves  and  masks  are  required. 
Hospital  staff  and  visitors  (must  be  over  15  years  of  age)  when  visiting  the 
study  participant  will  be  required  to  wear  a gown,  mask,  and  gloves  10  days 
prior  to  his  or  her  receiving  AdCFTR.  Further,  there  will  be  a careful 
evaluation  prior  to  administration  of  AdCFTR  to  ensure  that  no  viral  illness 
is  present.  AdCFTR  will  then  be  administered  to  the  left  nostril  through  a 
nasal  speculum  in  exactly  the  same  manner  as  the  vehicle  alone  was  adminis- 
tered in  part  2 of  the  protocol  (the  volume  administered  will  again  be  0.2 
milliliters,  that  is  about  4 drops).  The  study  subject  will  be  monitored  for 
24  hours . 


If  there  are  no  adverse  reactions,  the  AdCFTR  will  then  be  administered  (as 
was  done  for  the  vehicle)  to  the  major  airway  of  the  left  side  of  the  lung 
through  the  bronchoscope  in  a volume  of  20  milliliters  (about  4 teaspoons) . 

To  ensure  that  AdCFTR,  or  a combination  of  AdCFTR  and  other  viruses,  does  not 
spread  to  others  after  administration  of  AdCFTR  the  participant  will  be  kept 
in  isolation  (as  described  above)  until  it  is  proven  that  there  is  no  AdCFTR 
or  replication  competent  adenovirus  (adenovirus  that  can  reproduce  itself) 
present  In  secretions  from  his/her  nose,  pharynx,  urine  or  rectum  tested 
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on  at  least  three  separate  occasions.  The  subjects  will  undergo  the  same 
tests  that  they  have  undergone  in  the  previous  two  parts  of  the  protocol  (see 
Table  5 . 6 .4-A) . 


The  natural  history  of  cystic  fibrosis  is  associated  with  exacerbations 
(worsenings)  of  the  disease,  particularly  respiratory  problems.  It  is  thus 
possible  that  among  the  10  individuals  in  this  protocol,  exacerbations  of 
respiratory  or  non- respiratory  problems  may  occur.  Should  exacerbations  of 
disease  in  any  part  of  the  body  occur  during  any  part  of  the  protocol  the 
subjects  will  be  treated  by  conventional  clinical  therapy.  During  the  period 
of  illness,  assessment  of  safety  and  effectiveness  of  the  AdCFTR  administra- 
tion will  continue  as  long  as  such  assessment  does  not  interfere 
with  the  clinical  care  and  welfare  of  the  patient.  It  is  possible  that  the 
study  individual  will  not  be  able  to  continue  with  the  protocol  because  of 
intercurrent  illness. 

l: 

In  the  event  that  adverse  reactions  (bad  side  effects)  attributable  to  admin- 
istration of  AdCFTR  or  study  procedures  occur  during  the  protocol,  the  study 
individual  will  be  treated  by  conventional  clinical  therapy.  Assessment  of 
safety  and  effectiveness  of  the  AdCFTR  administration  will  continue  as  long  as 
such  assessment  does  not  interfere  with  clinical  care  and  welfare  of  the 
patient.  It  is  possible  that  the  study  individual  will  not  be  able  to  contin- 
ue with  the  protocol  because  of  adverse  effects,  although  all  possibilities 
will  be  explored  to  prevent  removal  from  the  study,  as  long  as  the  welfare  of 
the  study  participant  is  ensured. 

When  the  study  participant  no  longer  has  detectable  AdCFTR  or  related  virus  in 
body  secretions  on  3 successive  determinations,  he  or  she  will  be  able  to 
leave  the  isolation  precautions.  After  completing  the  approximately  2 month 
post  AdCFTR  administration  evaluation,  he  or  she  will  be  able  to  leave  the  NIH 
Clinical  Center,  provided  certain  "out-patient"  criteria  are  met.  These 
criteria  and  the  effects  of  these  criteria  on  the  individual  are  discussed  in 
section  5.6.4  in  the  protocol  and  in  an  earlier  part  of  this  consent  form. 

Following  discharge  from  the  Clinical  Center,  the  study  subject  will  return  as 
an  inpatient  for  reevaluation  at  various  intervals.  He  or  she  will  be  reevalu- 
ated with  the  same  tests  as  performed  during  the  various  parts  of  the  protocol 
(see  Table  5. 6. 4-A  in  the  protocol). 

The  tests  in  the  baseline  period  (part  1)  include  blood  tests,  urine  tests, 
sterility  tests  (semen  analysis  in  men,  ultrasound  for  the  presence  of  the 
uterus  and/or  ovaries  in  women),  electrocardiogram,  chest  X-rays,  computed 
tomography  scan  of  the  chest  (a  specialized  type  of  chest  X-ray) , ventilation 
and  perfusion  scan  (a  test  with  radioactive  molecules  to  determine  the  distri- 
bution of  air  and  blood  in  the  lungs),  lung  function  tests,  collection  of 
sputum,  fiberoptic  bronchoscopy  (to  evaluate  the  air  passages,  to  recover  some 
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of  the  cells,  and  the  fluid  lining  the  air  passages),  examination  and  recovery 
of  the  cells  lining  the  nostrils,  and  measurement  of  the  electrical  potential 
difference  between  the  nose  or  airways  and  the  skin.  The  tests  in  the  vehicle 
control  period  (part  2)  and  the  AdCFTR  treatment  period  (part  3)  are  similar, 
except  a few  tests  (sterility  tests,  HIV  blood  test)  do  not  have  to  be  repeat- 
ed. For  timing  and  detail  of  these  tests,  see  sections  5.6.2,  5.6.3,  and 
5.6.4.  The  following  discussion  relates  to  details  of  the  risks  of  these 
tests.  All  are  routine  tests  in  clinical  medicine.  Each  is  an  accepted,  safe 
medical  test.  Like  most  medical  tests  however,  there  are  some  associated 
discomforts  and  risks. 


1.  Blood  tests.  Drawing  blood  can  cause  pain  where  the  needle  is  put  in  the 
vein  or  artery  and  can  cause  a bruise  or  very  rarely,  damage  to  the 
blood  vessel.  Rarely,  patients  faint  after  blood  drawing.  The  total 
amount  of  blood  to  be  drawn  during  any  single  part  of  the  study  will  not 
exceed  200  ml  (less  than  half  a pint) . This  amount  is  within  the 
acceptable  limits  for  research  with  human  according  to  NIH  guidelines. 


2.  Arterial  blood  gas.  Unlike  routine  blood  tests,  which  uses  blood 

drawn  from  veins,  blood  gas  testing  requires  the  use  of  arterial  blood. 

A small  needle  will  be  placed  into  the  artery  of  your  forearm  to  obtain 
blood  needed  for  testing.  Because  arteries  are  more  sensitive  than 
veins  and  cannot  be  seen  when  inserting  the  needle,  arterial  blood  gas 
examination  is  somewhat  more  painful  than  simple  blood  testing.  As  with 
routine  blood  tests,  there  may  be  damage  to  the  wall  of  the  blood  ves- 
sel, a bruise  may  result  or  the  patient  may  faint. 


3.  Within  the  first  year  of  the  protocol  the  maximum  total  radiation  expo- 
sure from  the  chest  X-ray,  chest  computed  tomography  scan  (a  specialized 
chest  X ray)  and  ventilation  perfusion  scans  will  be  4 rads.  This  amount 
is  judged  safe  by  NIH  institutional  guidelines  (less  than  5 rads  per 
year  allowable) . 

4.  Breathing  tests.  These  tests  are  harmless  but  may  occasionally  cause 
slight  soreness  in  the  respiratory  muscles  and  chest  due  to  effort. 

5.  Collection  of  urine  samples  or  sputum  samples  will  not  require  any 
extra  discomfort  to  the  patient.  All  that  is  required  is  that  when 
total  daily  urine  (i.e.  over  a 24  hr  period)  or  daily  sputum  (over  a 
17  hr  period)  is  to  be  collected  the  patient  makes  as  complete  a 
collection  as  possible.  Occasionally  the  patient  will  be  asked  to  give 
a single  urine  or  sputum  specimen  for  analysis. 

6.  Examination,  testing  and  sampling  of  the  nasal  passages.  This  is  per- 
formed under  direct  observation.  A nasal  speculum  is  placed  into  the 
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nostril.  The  nose  is  inspected  and  a small  brush  is  passed  through  the 
speculum  and  gently  brushed  over  the  inner  surface  of  the  nose.  Both  the 
vehicle  alone  and  the  AdCFTR  will  be  administered  through  the  nasal 
speculum  at  the  appropriate  times  during  the  protocol.  In  the  nasal 
epithelium  of  individuals  with  CF  the  electrical  charge  is  more  negative 
than  in  other  individuals.  It  is  thus  important  to  measure  these  charges 
in  study  subjects  during  this  protocol  to  see  whether  they  return  to- 
wards normal  following  administration  of  AdCFTR.  To  do  this  an  intrave- 
nous catheter  (i.v.  needle)  is  placed  subcutaneously  (just  under  the 
skin)  in  the  arm  and  connected  to  an  infusion  ("i.v.")  of  salt  water.  A 
second  catheter  is  constantly  rinsed  with  salt  solution  and  is  placed  on 
the  inner  surface  of  the  nose,  through  the  nasal  speculum  to  measure  the 
charge  there.  Both  catheters  are  connected  to  a chart  recorder  that 
records  the  difference  in  electrical  charge  between  the  two  surfaces.  No 
hazards  are  anticipated  or  special  precautions  required. 

7.  Fiberoptic  Bronchoscopy.  Bronchoscopy  is  uncomfortable  but  not  painful. 
The  subject's  mouth,  throat  and  nose  will  be  anesthetized  (numbed)  with 
lidocaine  (a  medicine  similar  to  that  used  by  dentists  to  numb  teeth 
prior  to  filling  or  extracting  them)  which  can  be  used  directly  on  the 
airway  surface,  that  is  without  being  injected  by  a needle.  It  may  have 
an  unpleasant  taste.  A small  intravenous  needle  will  be  placed  into  the 
forearm  as  part  of  the  preparation  and  may  cause  local  discomfort.  The 
subject  will  receive  the  drug  atropine  before  the  procedure,  which  may 
cause  the  sensation  of  mouth  dryness.  As  a safety  precaution  the  subject 
is  then  given  oxygen  gas  through  the  nose.  The  bronchoscope  (a  long, 
thin,  flexible  tube)  will  be  introduced  into  the  nose  (or  mouth  if 
necessary)  and  passed  down  the  breathing  tubes  into  the  lungs;  the 
subject  may  cough;  this  is  normal  and  will  be  controlled  as  much  as 
possible  by  the  doctor  and  nurse  performing  the  procedure.  Both  the 
vehicle  alone  and  the  AdCFTR  will  be  administered  through  the  broncho- 
scope at  the  appropriate  times  during  the  protocol.  When  the  broncho- 
scope is  in  place  a small  brush  may  also  be  placed  through  the  broncho- 
scope onto  the  surface  of  the  airways  and  the  airway  gently  brushed. 

This  is  a painless  procedure  and  is  very  safe,  the  only  common  problem 
being  some  slight  bleeding  at  the  site  of  the  brushing.  This  is  rarely 
of  any  clinical  significance  (will  not  affect  your  health)  . When  the 
brushing  have  been  performed  the  patient  will  then  undergo  bronchoalveo - 
lar  lavage.  This  involves  wedging  the  bronchoscope  into  the  air  passages 
of  a small  part  of  the  lung  and  instilling  salt  water  through  the  bron- 
choscope so  as  to  gently  wash  the  inner  surface  of  the  airways.  Once  the 
salt  water  has  been  instilled  it  is  then  gently  suctioned  out  of  the 
lung  and  collected.  This  procedure  is  safe.  In  over  2000  bronchoalveolar 
lavages  performed  by  Pulmonary  Branch  personnel  over  more  than  a decade, 
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there  have  been  no  life  threatening  complications.  However,  individuals 
with  CF  have  a higher  incidence  of  mild  complications  with 
bronchoalveolar  lavage  than  others.  These  complications  include  fevers 
(about  40%  of  CF  individuals,  usually  self-limiting  or  relieved  by  anti- 
fever  medications)  and  chills  (about  20%  of  CF  individuals,  again  self- 
limiting  or  relieved  by  anti-fever  medications) , more  infrequently  (less 
than  5%)  infections  or  coughing  up  blood. 

In  individuals  with  cystic  fibrosis,  electrical  charges  on  the  respira- 
tory epithelial  surface  (the  inside  of  the  airway)  are  significantly 
more  negative  than  in  normal  individuals.  It  is  thus  important  to  mea- 
sure these  charges  in  study  subjects  during  this  protocol  to  see  whether 
they  return  towards  normal  following  administration  of  AdCFTR.  An  intra- 
venous (''i.v.")  catheter  is  placed  subcutaneously  (just  beneath  the 
surface  of  the  skin)  in  the  arm  and  connected  to  an  infusion  of  salt 
water.  A second  catheter,  constantly  rinsed  with  salt  water,  is  placed 
on  the  surface  of  the  airways  to  measure  the  charge  there.  This 
second  catheter  is  placed  on  the  airways  through  the  bronchoscope.  Both 
catheters  are  connected  to  a chart  recorder  which  records  the  difference 
in  electrical  charge  between  the  two  surfaces.  No  hazards  are  anticipat- 
ed or  special  precautions  required. 

All  the  bronchoscopy  procedures  combined  will  last  between  35-50  min- 
utes. Once  all  the  tests  are  performed  the  tube  will  be  removed  and  the 
subject  will  return  to  his  or  her  room.  For  three  hours  after  the  bron- 
choscopy the  subject  will  not  be  allowed  to  eat  or  drink  while  the 
medicine  and  effects  of  the  bronchoscopy  wear  off.  Fiberoptic  bronchos- 
copy will  be  performed  a minimum  of  11  times  during  the  protocol:  three 
in  the  baseline  period,  4 in  the  vehicle  control  period,  and  4 in  the 
experimental  therapy  period. 

8.  All  male  participants  must  undergo  semen  analysis  in  the  baseline  period 
to  determine  whether  they  meet  the  inclusion  criteria  of  azoospermia  (no 
sperm) . 

9.  All  female  participants  must  have  documented  sterility  (inability  to 
have  children) . 

Potential  Risks: 

The  potential  risks  of  this  protocol  may  be  divided  into  two  main  types;  those 
associated  with  the  various  tests  and  procedures  designed  to  show  effective- 
ness and  safety  and  those  associated  with  administration  of  a replication 
deficient  adenovirus  containing  the  normal  CF  gene  to  individuals  with  CFTR. 
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To  first  consider  the  problems  associated  with  the  various  tests  and  proce- 
dures in  the  protocol  it  should  be  noted  that  all  the  tests  used  are  widely 
accepted  tests  in  clinical  medicine  and  in  most  instances  would  form  an 
important  part  of  the  study  subject's  ongoing  care.  All  these  tests  are  regu- 
lated by  National  Institutes  of  Health  regulatory  bodies  so  that  strict  stan- 
dards are  upheld.  These  include  limitations  on  the  amount  of  blood  which  can 
be  drawn  and  the  amount  of  radiation  the  subjects  can  be  exposed  to  during  the 
different  parts  of  the  protocol.  Furthermore  the  invasive  tests  such  as  nasal 
instrumentation  and  bronchoscopy  with  its  attendant  procedures  will  all  be 
performed  by  experts  with  much  experience  in  these  fields. 

The  risks  of  giving  AdCFTR  to  individuals  with  CF  are  at  present  mainly 
speculative.  Potential  risks  are  from  any  adenovirus  itself,  from  the  specific 
adenovirus  to  be  used  in  this  protocol  and  finally  from  the  product  of  the 
genetically  modified  adenovirus  to  be  used  in  this  protocol.  Adenoviruses  are 
a common  cause  of  respiratory  problems  in  man,  usually  of  a non- serious  type, 
unless  the  infected  individual  has  a compromised  immune  system  (poor  defense 
against  germs).  The  fact  that  only  individuals  with  antibodies  against  adeno- 
virus will  be  permitted  into  the  study  is  a further  safety  precaution  as  any 
passage  of  AdCFTR  or  related  adenovirus  into  the  bloodstream  will  be  met  there 
by  antibodies  which  are  part  of  the  body's  defenses  against  adenoviruses. 
Therefore  infection  with  an  adenovirus  per  se  is  not  felt  to  pose  a major 
problem. 

It  is  possible  that  the  AdCFTR  virus  will  combine  in  some  way  with  another 
adenovirus  and  thus  acquire  the  ability  to  reproduce  itself.  This  might  lead 
to  increased  production  of  AdCFTR  and  an  ongoing  adenovirus  infection.  Another 
possibility  is  that  the  AdCFTR  may  acquire  some  genetic  material  from  another 
adenovirus  or  other  virus  leading  to  the  production  of  some  form  of  mutant 
adenovirus.  These  potential  problems  would  not  only  affect  the  individual 
receiving  the  AdCFTR  but  could  also  potentially  affect  individuals  other  than 
study  participants.  In  order  to  prevent  this  occurring  this  protocol  has  built 
into  it  certain  safeguards.  These  include  the  fact  that  no  individual  with 
evidence  of  adenovirus  or  other  major  respiratory  viral  infection  will  be 
included  in  the  study.  Therefore  any  possible  combining  of  AdCFTR  with  other 
viruses  will  likely  involve  viruses  acquired  after  starting  the  protocol.  To 
minimize  the  chance  of  this  occurring  during  the  initial  phase  after  adminis- 
tration of  AdCFTR,  the  study  individual  will  be  isolated  (as  described  above) 
for  10  days  prior  to  being  treated  with  AdCFTR.  To  protect  others,  the  isola- 
tion will  continue  following  administration  of  AdCFTR  until  tests  taken  on  at 
least  three  separate  occasions  show  no  evidence  of  adenovirus  in  cultures 
taken  from  the  pharynx,  nose,  rectum  or  urine.  Study  participants  will  be 
requested  to  stay  in  the  NIH  Clinical  Center  until  these  cultures  are  nega- 
tive. These  problems  while  theoretically  possible,  have  never  been  seen  in 
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studies  using  AdCFTR  in  animals  at  dosages  similar  to  those  intended  for  use 
in  humans . 

While  it  is  theoretically  possible  that  the  material  produced  by  the  CFTR  gene 
in  AdCFTR  may  be  recognized  as  "foreign"  by  the  immune  system  of  the 
participant  and  result  in  an  autoimmune  type  syndrome  (the  immune  system 
attacking  the  body)  there  is  no  evidence  to  suggest  that  this  will  happen  and 
participants  have  been  chosen  to  include  only  those  who  do  produce  a CFTR 
protein  (even  though  it  is  an  abnormal  one)  so  that  the  normal  protein  is  less 
likely  to  be  entirely  "foreign"  to  the  study  subject. 

Potential  Benefits: 


There  is  a possibility  that  administration  of  AdCFTR  to  the  nose  and  airways 
will  result  in  expression  of  normal  CFTR  protein  in  these  areas  with  normal- 
ization of  Cl-  secretion,  that  is,  a correction  of  the  major  biochemical 
abnormalities  associated  with  CF.  If  these  changes  are  extensive  enough,  they 
may  result  in  normalization  of  the  electrical  charge  on  the  nasal  and  airway 
surfaces.  Will  these  biochemical  changes  result  in  any  noticeable  clinical 
change  for  the  study  participant?  This  is  possible  but  is  by  no  means  certain. 
Administration  of  AdCFTR  to  the  nose  is  highly  unlikely  to  result  in  any 
improvement  in  respiratory  symptoms.  Clinical  improvement  in  the  lung  would 
likely  depend  on  the  percentage  of  corrected  cells.  As  this  protocol  involves 
just  one  single  dose  of  AdCFTR  to  the  airways,  large  scale  correction  will 
likely  not  occur.  Furthermore,  as  just  a single  dose  is  given  to  the  nose  and 
airways  the  correction  may  not  last.  Nevertheless,  if  biochemical  correction 
is  found,  it  will  provide  motivation  for  further  studies  most  likely  with 
higher  dosages  and/or  repetitive  administrations  of  AdCFTR.  Participation  in 
this  study  does  not  mean  automatic  inclusion  in  subsequent  studies 

Time  spent  at  the  Clinical  Center: 

All  study  participants  will  be  asked  to  spend  approximately  4 months  at  the 
NIH  Clinical  Center.  If  a study  candidate  feels  unable  to  continue  the  proto- 
col at  any  time  during  parts  1 and  2 they  are  free  to  leave.  Departure  from 
the  protocol  after  the  administration  of  AdCFTR  but  before  the  "out-patient" 
criteria  of  the  protocol  are  met  is  discouraged,  as  discussed  above.  This  is 
because,  as  listed  above,  there  are  a number  of  theoretical  risks  associated 
with  administration  of  AdCFTR  not  only  to  the  individual  receiving  the  treat- 
ment but  also  to  others.  Because  of  this,  every  individual  who  wishes  to 
participate  in  part  3 of  the  protocol  (the  experimental  treatment  part)  will 
be  asked  to  give  a commitment  to  fulfil  all  the  "out-patient"  criteria  of  the 
protocol  prior  to  leaving  the  National  Institutes  of  Health. 
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NIH  2514-2,  Minor  Patient’s  Assent  to  Participate  In  A Clinical  Research  Study 
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STUDY  NUMBER: CONTINUATION:  page  _L2 of  JLI  pages. 

Permission  for  Autopsy  ji 

As  described  above,  we  do  not  believe  that  the  therapy  with  AdCFTR  or  the 
tests  you  will  undergo  will  lead  to  adverse  effects  that  will  cause  your 
death.  However,  as  a participant  in  an  innovative  study  involving  the  transfer 
of  the  normal  CFTR  gene  to  the  cells  lining  your  airways,  it  is  important  that 
you  understand  that  should  your  death  occur  while  in  this  study,  it  is  of 
vital  importance  to  potential  future  patients  that  your  doctors  are  able  to 
determine  the  precise  cause  of  death.  In  this  context,  should  you  die  while 
participating  in  this  study,  your  doctors  will  ask  your  family  to  give 
permission  for  a full  autopsy.  By  signing  this  consent  form,  you  cannot  force 
your  family  to  agree  to  this,  but  by  doing  so  you  are  indicating  your  agree- 
ment that  an  autopsy  be  carried  out. 
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As  part  of  your  participation  in  this  study,  it  will  be  necessary  to  test  your  blood  for  the  presence  of 
jantibodies  to  the  Human  Immunodeficiency  Virus  (HIV),  the  virus  that  causes  Acquired  Immune 
Deficiency  Syndrome  (AIDS).  In  order  to  perform  the  test,  a small  amount  of  blood  (approximately  2 
teaspoons)  will  be  withdrawn  from  one  of  your  arms  with  a needle.  You  may  experience  some  slight 
I discomfort  at  the  needle  entry  site  and  there  may  be  some  bruising.  In  addition,  there  is  a very  small 
risk  of  your  fainting  or  of  infection  at  the  needle  entry  site.  If  your  test  results  are  found  to  be 
(positive,  or  if  you  are  otherwise  diagnosed  as  having  AIDS,  you  should  be  aware  of  the  following 
! Clinical  Center  HIV  Testing  Policy: 
j 

1.  Your  physician  will  notify  you  promptly  of  the  HIV  test  results. 

1 1 

2.  Your  physician  and/or  the  Clinical  Center  HIV  counselor  will  offer  you,  and  any  current  and/or 
ongoing  sexual  partners)  (spouses  are  generally  considered  to  be  current  or  ongoing  sexual 
partners)  or  needle-sharing  partners)  you  identify,  information  on  the  meaning  of  the  test 
results  and  how  to  prevent  the  spread  of  the  infection. 

j 3.  Because  the  virus  may  be  transmitted  in  several  ways,  it  is  important  that  you  inform  sexual 
and/or  needle-sharing  partners)  that  any,  or  all,  of  them  may  have  been  exposed  to  the  HIV 
virus  and  encourage  them  to  be  tested.  If  you  request  it,  staff  at  the  Clinical  Center  will  assist 
you  in  notifying  your  partners)  and  arrange  counseling  for  them  through  an  HIV  counselor. 

The  results  of  your  HIV  test  and/or  documentation  of  the  diagnosis  of  AIDS  will  become  a 
part  of  your  Clinical  Center  medical  record  and,  as  such,  will  be  protected  from  unauthorized 
disclosure  by  the  Federal  Privacy  Act  of  1974.  In  general,  access  to  your  medical  record  will 
be  restricted  to  those  health  care  professionals  directly  involved  in  your  care  or  in  the 
conduct  of  ongoing  biomedical  research,  and  information  is  not  usually  released  to  other  third 
parties  without  your  permission  or  that  of  your  designated  representative.  However,  there  are 
some  particular  routine  uses  of  such  information  of  which  you  should  be  aware. 


a.  If  you  are  unwilling  or  unable  to  notify  your  partner(s),  the  Clinical  Center  is  responsible  for 
attempting  to  contact  and  inform  them  of  their  possible  exposure  to  the  virus.  Reasonable 
attempts  will  be  made  to  protect  your  identity  including  withholding  your  name  when 
notifying  any  partner(s)  of  their  possible  exposure.  Some  notification  or  counseling  of 
current  and/or  ongoing  partners  may  be  carried  out  through  arrangements  with,  or  referral 
to,  local  public  health  agencies. 

b.  A summary  of  your  care  at  the  Clinical  Center  will  be  sent  to  the  physician  who  referred 
you  here  for  treatment. 

c.  The  Clinical  Center  may  report  certain  communicable  diseases,  including  AIDS  and 
symptomatic  HIV  infection,  to  appropriate  State  and  Federal  government  agencies. 


If  you  have  any  questions  regarding  the  HIV  testing  or  the  information  provided  above,  you  are 
encouraged  to  discuss  them  with  your  physician  and/or  a Clinical  Center  HIV  counselor  (496-2381). 
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* Adult  Patient  or  • Parent,  (or  Minor  Patient 


continuation: 
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TUDY  NUMBER: 


OTHER  PERTINENT  INFORMATION 


Confidentiality.  When  results  of  a study  such  as  this  are  reported  in  medical  journals  or  at  meetings,  the  identifica- 
tion of  those  taking  part  is  withheld.  Medical  records  of  National  Institutes  of  Health  or  Clinical  Center  patients 
are  maintained  according  to  current  legal  requirements,  and  are  made  available  for  review,  as  required  by  the  Food 
and  Orug  Administration  or  other  authorized  users,  only  under  the  guidelines  established  by  the  Federal  Privacy  Act. 

Policy  Regarding  Research-Related  Injuries.  The  Clinical  Center  will  provide  short-term  medical  care  for  any  physical 
injury  resulting  from  your  participation  in  research  here.  Neither  the  National  Institutes  of  Health,  Clinical  Center 
nor  the  Federal  government  will  provide  long-term  medical  care  or  financial  compensation  for  such  injuries,  ex- 
cept as  may  be  provided  through  whatever  remedies  are  normally  available  under  law. 

l.  Payments.  If  you  are  a patient,  you  are  not  paid  for  taking  part  in  National  Institute  of  Health  studies.  Exceptions 
for  volunteers  will  be  guided  by  the  National  Institutes  of  Health  or  Clinical  Center  policies. 

t.  Problems  or  Questions.  Should  any  problem  or  question  arise  with  regard  to  this  study,  with  regard  to  your  rights 
as  a participant  in  clinical  research  or  with  regard  to  any  research-related  injury,  you  should  contact  the  principal 
investigator,  Ronald  G.  Crystal,  M.D.  or  these  other  staff  members  also  involved  in  this  study: 


Noel  G.  McElvaney,  M.D. 

Building  10 


Art  Jaffe,  M.D.,  Steven  Brody,  M.D. 


Room  6P-03 


Telephone:  (301)  496-1507 


National  Institutes  of  Health 
hesda,  Maryland  20205 


5.  Consent  Document.  It  is  suggested  that  you  retain  a copy  of  this  document  for  your  later  reference  and  personal 
records. 

COMPLETE  APPROPRIATE  ITEM  BELOW,  A or  B:  , 

A.  Adult  Patient’s  Consent. 

1 have  read  the  explanation  about  this  study  and  have 
been  given  the  opportunity  to  discuss  it  and  to  ask 
questions.  1 hereby  consent  to  take  part  in  this  study. 

B.  Parent’s  Permission  for  Minor  Patient. 

1 have  read  the  explanation  about  this  study  and  have 
been  given  the  opportunity  to  discuss  it  and  to  ask 
questions.  1 hereby  give  permission  for  my  child  to 
take  part  in  this  study. 

(Attach  NIH  2514-2,  Minor’s  Assent,  if  applicable.) 

Signature  of  Adult  Paiient  & Date  Signed 

Signature  of  Parent(s)  & Oate  Signed 

(If  Other  Than  Parent.  Specify  Relationship) 

Signature  of  Investigator  & Oate  Signed 

, Signature  of  Witness  & Oate  Signed 

P .NT  IDENTIFICATION 

CONSENT  TO  PARTICIPATE  IN  A CLINICAL 
RESEARCH  STUDY  (Continuation  Sheet) 

* Adult  Patient  or  - Parent,  for  Minor  Patient 

NIH-2514-1  (9-91) 
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Abstract 


I . 

Cystic  Fibrosis  (CF)  is  an  autosomal  recessive  disorder  caused  by  defective  ion  transport  across 
various  epithelia.  Multiple  organ  systems  are  affected  in  this  disease;  however,  the  pulmonary 
complications  are  the  most  morbid  and  life  limiting.  The  primary  defect  in  the  lung  appears  to 
be  abnormal  mucociliary  clearance.  Isolation  of  the  gene  responsible  for  CF  in  1989  provided 
impetus  for  the  development  of  new  therapies  based  on  gene  therapy.  We  propose  in  this 
protocol  a phase  I trial  to  assess  the  safety  and  feasibility  of  treating  CF  pulmonary  disease  by 
directly  delivering  CFTR-expressing,  replication-defective  adenoviruses  to  the  airway.  The 
rationale  for  this  human  protocol  was  based  on  extensive  preclinical  studies  in  a variety  of 
animal  models  including  human  CF  airway  xenografts  and  nonhuman  primates. 

In  this  protocol,  10  CF  patients  will  be  treated  with  CFTR-expressing  virus  and  followed  for  a) 
evidence  of  CFTR  gene  transfer  and  expression,  b)  immunological  responses  to  CFTR  or 
adenoviral  proteins,  and  c)  toxicity.  Adult  CF  patients  with  advanced  disease  who  are 
considered  acceptable  candidates  for  bronchoscopy  will  be  considered.  A suspension  of  virus 
will  be  delivered  to  an  isolated  segment  of  the  lung  via  a bronchoscope.  Pulmonary  samples  will 
be  harvested  for  analyses  by  follow-up  bronchoscopies  4 days,  6 weeks,  and  3 months  following 
administration  of  the  virus. 


II.  Background 

II. A.  Cystic  Fibrosis 

Cystic  fibrosis  (CF)  is  the  most  lethal  autosomal  recessive  disease  in  the  Caucasian  population 
[Boat  et  al.,  1989].  The  underlying  pathology  involves  defects  in  anion  transport  across 
various  epithelia.  Approximately  1 in  2,500  live  births  are  affected  by  this  disease  indicating 
that  the  carrier  frequency  is  1 in  25.  Cystic  fibrosis  manifests  itself  in  multiple  organ 
systems  including  liver  (focal  biliary  cirrhosis),  intestines  (bowel  destruction),  pancreas 
(malabsorption,  pancreatitis,  and  diabetes),  vas  deferens  (sterility  in  males)  and  lung 
(obstructive  pulmonary  disease  and  chronic  infections). 

Although  all  mucus  secreting  organs  of  the  body  are  affected  in  cystic  fibrosis,  it  is  the 
pulmonary  disease  that  is  responsible  for  the  vast  majority  of  the  morbidity  and  mortality 
[Wood  et  al.,  1976].  The  age  at  onset  of  symptoms  and  the  rate  of  progression  of  pulmonary 
disease  can  vary  considerably  from  patient  to  patient.  However,  it  is  generally  accepted  that 
virtually  every  patient  with  cystic  fibrosis  who  lives  long  enough  will  develop  pulmonary 
complications  from  their  disease.  Recent  progress  in  the  areas  of  genetics  and  cell  biology  has 
done  much  to  further  our  understanding  of  the  pathogenesis  of  cystic  fibrosis.  Although  a 
number  of  significant  gaps  still  exist,  the  pathogenesis  of  the  pulmonary  disease  is  likely 
related  to  the  recently  described  abnormalities  in  electrolyte  transport  within  the  airways. 
These  abnormalities  lead  to  production  of  an  abnormal  mucus  with  altered  rheologic  properties. 
This  leads  to  impaired  clearance  of  the  bronchial  lining  fluid  with  resulting  pooling  of 
secretions  within  the  airways.  The  stagnant  secretions  are  suitable  substrates  for  bacterial 
growth.  For  uncertain  reasons,  staphylococci  and  pseudomonas  species  are  the  most  frequently 
cultured  organisms  found  in  the  sputum  of  patients  with  cystic  fibrosis.  The  repeated  episodes 
of  infection  cause  permanent  airway  damage  of  a type  that  leads  to  chronic  obstruction  in 
airflow  and  bronchiectasis.  Symptomatically,  the  patient  develops  cough  with  sputum 
production  and  shortness  of  breath  with  exercise.  As  the  disease  advances,  the  level  of  dyspnea 
increases  until  it  occurs  at  rest.  With  advanced  disease,  hypoxemia  leading  to  cor  pulmonale  and 
right  heart  failure  appear.  Eventually  ventilatory  failure  occurs  followed  by  death.  Data  from 
1990  show  that  the  median  survival  for  cystic  fibrosis  in  the  United  States  is  27.6  years. 
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The  treatment  of  the  pulmonary  disease  in  cystic  fibrosis  has  a multifaceted  approach.  The  use 
of  antibiotics  is  a major  component  of  treatment  regimens.  Although  prolonged  eradication  of 
bacteria  from  the  sputum  is  rarely  accomplished,  frequent  and  sometimes  prolonged  antibiotic 
therapy  helps  lower  the  numbers  of  bacteria.  The  development  of  infection  with  antibiotic- 
resistant  organisms  reduces  the  effectiveness  during  later  stages  of  the  disease.  The  antibiotics 
are  administered  orally,  intravenously,  and/or  by  aerosol. 

Bronchodilator  therapy  has  been  shown  to  be  effective  in  subgroups  of  patients  with  cystic 
fibrosis.  Studies  of  the  efficacy  of  p-agonists  [Weintraub  and  Eschenbacher,  1989], 
anticholinergic  agents  [Weintraub  and  Eschenbacher,  1989],  and  theophylline  [Pan  et  al.t 
1989]  demonstrate  improved  pulmonary  function  in  some  patients  with  the  disease. 

Physical  maneuvers  to  promote  secretion  clearance  such  as  postural  drainage  with  percussion 
have  long  been  a mainstay  in  the  treatment  of  cystic  fibrosis.  In  some  patients,  secretion 
clearance  can  be  induced  by  physical  exercise. 

When  the  disease  progresses  to  the  point  of  significant  hypoxemia,  supplemental  inspired 
oxygen  is  used  in  an  attempt  to  delay  the  onset  of  cor  pulmonale  and  right  heart  failure.  In  the 
last  stages  of  the  disease,  intratracheal  intubation  and  mechanical  ventilation  is  available. 
However,  the  prognosis  for  successful  weaning  and  extubation  is  very  low  and  many  patients 
chose  to  forego  the  use  of  mechanical  ventilation  [Davis,  1978]. 

Unfortunately,  the  therapy  outlined  above  is  not  fully  effective.  Eventually,  the  patient's 
respiratory  condition  progresses  leading  to  death.  New  therapies  are  under  development  to 
improve  the  life  span  of  patients  with  cystic  fibrosis.  These  include  aerosolized  amiloride  to 
block  excessive  sodium  reabsorption  in  the  airway  and  promote  hydration  of  secretions 
[Knowles  et  al.t  1990].  Topical  application  of  triphosphate  nucleotides  has  been  shown  to 
activate  chloride  secretion  from  cystic  fibrosis  epithelium  [Knowles  et  al.,  1991].  Aerosolized 
antiproteases  such  as  secretory  leukocyte  protease  inhibitor  [McElvaney,  1991]  and  a-1- 
protease  inhibitor  [Vogelmeier  et  al.,  1991]  are  being  evaluated  to  see  if  their  use  will  reduce 
tissue  damage  caused  by  protease  that  is  released  by  bacteria  and  inflammatory  cells.  Agents 
such  as  DNase  I are  being  studied  to  see  if  they  can  promote  secretion  clearance  by  reducing  the 
viscosity  of  the  mucus  [Hubbard  et  al.,  1992].  Anti-inflammatory  agents  are  being  evaluated  to 
see  if  suppression  of  the  assumed  excessive  immune  response  will  reduce  the  rate  of  lung 
injury  [Auerbach  et  al.,  1985;  Rosenstein  et  al.,  1991].  Although  one  or  more  of  these 
approaches  might  be  efficacious,  none  of  the  preliminary  studies  has  shown  total  reversal  of  the 
processes  that  are  known  to  lead  eventually  to  permanent,  severe  lung  injury. 

Lung  transplantation  has  been  performed  in  small  numbers  of  patients  with  cystic  fibrosis 
[Aitken  et  al.,  1992;  deLeval  et  al.,  1991;  Frist  et  al.,  1991;  Shennib  et  al.,  1992].  This 
treatment  has  the  potential  for  correcting  the  underlying  defect  in  that  the  transplanted  lung 
appears  not  to  manifest  the  abnormal  electrophysiology  characteristic  of  cystic  fibrosis. 
However,  severe  limitations  of  donor  organ  availability  have  impeded  the  performance  of  large 
number  of  transplants.  Although  mortality  rate  is  improving  following  transplantation,  the  two 
year  survival  rate  still  approaches  only  50%. 

In  summary,  survival  data  indicate  that  the  prognosis  for  patients  alive  today  with  cystic 
fibrosis  is  much  better  than  20  years  ago.  However,  the  prospect  for  a normal  life  span  with 
currently  available  therapies  is  not  good.  A rational  approach  is  to  correct  the  cellular  defect  at 
the  site  where  the  most  serious  pathological  process  occurs,  i.e.  within  the  airways.  Successful 
transfection  and  expression  of  a normal  CFTR  gene  into  airway  epithelial  cells  of  patients  with 
cystic  fibrosis  would  correct  the  underlying  abnormality. 

The  isolation  of  the  gene  responsible  for  CF  in  1989  ushered  in  a new  era  of  research  for  this 
deadly  disease  [Rummens  et  al.,  1989;  Riordan  et  al.,  1989;  Kerem  et  al.,  1989].  Elegant  in 
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vitro  studies  have  begun  to  unravel  the  biochemical  function  of  the  protein  product  of  the  CF 
gene  called  the  Cystic  Fibrosis  Transmembrane  Conductance  Regulator  (CFTR)  which  appears  to 
be  a highly  regulated  chloride  channel  (Reviewed  in  Collins,  1992].  Patients  with  CF  have 
mutations  that  render  the  channel  nonresponsive  to  elevations  in  intracellular  cAMP  [Kerem  et 
al.,  1989]. 

Cloning  the  CF  gene  also  suggested  new  strategies  for  treatment  based  on  gene  therapy.  In  an 
important  first  step  towards  this  goal,  we  reported  in  1990  the  functional  correction  of 
defective  chloride  transport  in  a CF  cell  in  vitro  by  retroviral-mediated  transfer  of  a normal 
CF  gene  [Drumm  et  at.,  1990].  Translating  the  advance  made  in  vitro  to  a practical  and 
effective  therapy  for  CF  lung  disease  was  not  immediately  obvious.  Existing  experimental 
paradigms  of  gene  therapy  were  largely  based  on  transplantation  of  autologous  cells  that  had 
been  genetically  corrected  ex  vivo  with  recombinant  retroviruses.  Safe  and  effective 
application  of  this  model  to  the  treatment  of  CF  lung  disease  seems  unlikely.  We  also  considered 
administration  of  recombinant  retroviruses  to  the  human  airway  as  a way  of  directly 
transferring  the  therapeutic  gene  to  the  appropriate  target  cell  in  vivo.  We  found  this  to  be  an 
extremely  inefficient  process  unless  the  airway  has  been  injured  and  the  epithelial  cells  are 
regenerating  [Engelhardt  et  al.,  1992a,  see  Appendix  D].  This,  in  fact,  was  the  predicted  result 
in  light  of  the  requirement  of  cell  division  for  retroviral  integration. 

The  development  of  effective  gene  therapies  for  CF  will  likely  require  the  creation  of  new 
approaches  that  are  capable  of  targeting  genes  to  airway  epithelial  cells  by  direct 
administration  in  the  airway.  Furthermore,  gene  transfer  must  be  accomplished  in  a non- 
replicating, stable  target  cell  and  the  recombinant  gene  should  be  expressed  for  a prolonged 
period  of  time  without  pathology.  In  a series  of  studies  performed  in  Cotton  rats,  Crystal  and 
colleagues  have  provided  convincing  evidence  that  recombinant  adenoviruses  may  have  the 
properties  described  above  necessary  for  safe  and  effective  gene  transfer  to  the  human  airway 
[Rosenfeld  et  al.,  1991  and  1992]. 

Adenoviruses  are  nonenveloped  DNA  viruses  responsible  for  many  types  of  self-limited 
respiratory  illnesses  in  humans.  Many  serotypes  of  adenoviruses  exist;  some  of  which  have 
been  exposed  to  a large  proportion  of  the  population  in  the  United  States. 

Adenoviruses  have  been  the  subject  of  extensive  investigation  in  the  laboratory  [Horwitz, 

1990] .  This  has  proven  to  be  a powerful  system  for  studying  basic  mechanisms  of  gene 
regulation.  The  adenovirus  exists  as  a 35  kb  double  stranded  DNA  molecule  with  multiple  early 
and  late  transciptional  units.  The  type  of  recombinant  virus  proposed  in  this  protocol  has  been 
used  as  a vector  system  in  many  in  vitro  and  in  vivo  settings.  The  El  region  is  deleted  so  as  to 
render  the  virus  defective  in  replication.  Under  some  conditions,  such  as  high  Multiplicity  of 
Infection  (MOI),  El  deleted  viruses  can  replicate  in  recipient  cells.  The  recombinant  minigene 
is  placed  under  the  control  of  a heterologous  promoter  in  place  of  El  sequences. 

Perricaudet  and  colleagues  have  developed  El  deleted  Ad5  for  use  in  vaccines  [Levrero  et  al., 

1991] .  They  have  performed  experiments  in  which  hepatitis  B surface  antigen  expressing 
virus  was  injected  into  nonhuman  primates.  Interestingly,  no  immune  response  was  observed. 
Of  relevance  to  this  protocol  was  the  study  by  Smith  et  al.  in  1970  in  which  volunteers  were 
exposed  to  type  4 adenovirus  by  inhalation  as  part  of  a vaccination  trial  [Smith  et  al.,  1970]. 
No  substantial  morbidity  was  noted. 
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II.  B.  Preclinical  Studies 


II.B.1.  Distribution  of  CFTR  in  Human  Airway 

Design  of  rational  approaches  of  gene  therapy  for  CF  lung  disease  requires  an  understanding  of 
the  distribution  of  CFTR  expression  in  the  non-CF  lung.  Extensive  experience  with  the  clinical 
and  pathological  manifestations  of  CF  suggest  that  the  primary  abnormalities  in  the  lung  relate 
to  the  defects  in  mucociliary  clearance  (see  section  II. A).  The  prediction,  therefore,  is  that  the 
CF  gene  is  normally  expressed  in  the  conducting  airway  rather  than  the  airspace. 

The  human  airway  is  a network  of  branching  structures  that  conduct  air  from  the  alveolar  sacs 
where  gas  exchange  occurs  to  the  external  environment.  The  general  structure  of  the  airway 
varies  as  it  branches  from  the  most  proximal  site  below  the  larynx  (i.e.,  the  trachea)  to  the 
most  distal  terminal  bronchioles.  Proximal  airways  are  lined  with  a surface  epithelium  that  is 
pseudostratified,  containing  a layer  of  squamous  cells  resting  on  the  basal  lamina  (called  basal 
cells)  with  a variety  of  columnar  cells  including  ciliated  cells,  goblet  cells,  undifferentiated 
cells  and  secretory  cells  with  electron  dense  granules.  Basal  and  goblet  cells  are  believed  to  be 
progenitors  that  are  capable  of  self-renewal  and  differentiation  into  ciliated  cells. 

Areas  of  the  proximal  airway  surrounded  by  cartilage  also  contain  submucosal  glands  which 
consist  of  a network  of  secretory  tubules  and  associated  ducts  [Meyrick  et  al.,  1969].  These 
glands  deliver  into  the  airway  lumen  a complex  seromucous  secretion  essential  for  mucociliary 
clearance.  The  most  distal  component  of  the  submucosal  glands  consists  primarily  of  serous 
tubules  and  serous  acini.  The  serous  cell  has  exocytitic  vesicles  that  contain  a mixture  of 
bactericidal  proteins.  The  mucous  tubules,  which  lie  proximal  to  the  serous  cells,  secrete 
highly  viscous  mucous  glycoproteins.  All  serous  secretions  must  pass  through  the  mucous 
tubules  on  the  way  to  the  airway.  Seromucous  secretions  move  from  the  tubules  into  collecting 
ducts  which  are  lined  by  simple  columnar  epithelial  cells  rich  in  mitochondria.  The  high 
mitochondrial  content  of  these  cells  suggests  they  may  play  a metabolically  active  role  in 
regulating  water  and  ion  concentrations  in  ducts.  Seromucous  secretions  reach  the  respiratory 
surface  by  passing  from  collecting  ducts  which,  as  extensions  of  the  surface  mucosa,  are  lined 
by  a pseudostratified,  ciliated  epithelium.  The  structure  of  a submucosal  gland  is  presented  in 
Figure  1. 

The  distal  airway  is  normally  void  of  submucosal  glands  and  has  a much  simpler  surface 
epithelium  which  is  cuboidal  in  structure.  There  are  essentially  two  types  of  cells  in  the  distal 
airway:  ciliated  cells  and  clara  cells  which  contain  electron  dense  secretory  granules  and  are 
believed  to  be  progenitors. 

Critical  to  our  understanding  of  the  pathophysiology  of  CF  lung  disease  is  a precise  definition  of 
the  cellular  and  subcellular  localization  of  CFTR  in  the  human  airway.  Previous  studies  have 
reported  variable  success  in  accomplishing  this  by  direct  localization.  Immunocytochemical 
analyses  of  adult  human  tissues  have  successfully  localized  CFTR  in  epithelial  cells  of  sweat 
ducts,  small  pancreatic  ducts,  kidney  tubules  and  intestinal  crypts,  but  failed  to  detect  CFTR  in 
the  lung  [Cohn  et  al.,  1991  and  Crawford  et  al.,  1991].  Analysis  of  RNA  extracted  from  human 
bronchial  brushings  of  normal  patients  indicated  that  the  CF  gene  is  expressed  at  low  levels  in 
the  cells  released  by  this  procedure,  which  were  primarily  ciliated  and  nonciliated  columnar 
cells  of  the  surface  epithelium  [Trapnell  et  al.,  1991].  In  situ  hybridization  studies  of  rat 
trachea  show  low  levels  of  diffuse  staining  over  the  surface  epithelium  but  these  studies  could 
make  no  conclusions  about  the  presence  of  CFTR  mRNA  in  submucosal  glands  which  are 
extremely  nonabundant  in  the  rodent  airway.  More  recently,  Zeitlin  et  al.  detected  CFTR  protein 
in  primary  nasal  epithelial  cells  by  Western  blot  analysis  [Zeitlin  et  al.,  1992].  Function  of 
CFTR  has  been  clearly  demonstrated  in  a variety  of  cells  isolated  from  the  surface  epithelium 
using  electrophysiological  techniques  [Reviewed  in  Welsh,  1990]. 
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Techniques  of  in  situ  hybridization  and  immunocytochemistry  were  used  to  characterize  the 
distribution  of  CFTR  expression  in  bronchus  from  non-CF  and  CF  tissues  [Engelhardt  et  al., 
1992b].  Figure  1 summarizes  our  findings  in  non-CF  tissue.  The  predominant  site  of  CFTR 
RNA  and  protein  expression  in  non-CF  bronchus  was  the  submucosal  glands  with  the  highest 
expression  detected  in  the  ducts  and  serous  tubules  although  low  levels  were  detected  in  surface 
epithelia.  Similar  analyses  performed  on  bronchi  obtained  from  CF  patients  demonstrated  a 
distribution  of  CFTR  RNA  expression  similar  to  that  found  in  non-CF  tissue  except  there  was 
markedly  increased  RNA  expression  in  the  collecting  ducts.  Expression  of  CFTR  protein  was  a 
function  of  genotype  where  the  most  common  mutation,  AF  508,  is  associated  with  markedly 
decreased  levels  of  protein  in  all  structures,  and  the  less  common  mutation,  G551D  allele,  is 
associated  with  normal  distribution  of  apicaliy  localized  protein.  A paper  describing  this  work 
is  provided  in  Appendix  B. 

Similar  techniques  were  used  to  localize  CFTR  in  the  distal  airway.  These  studies  demonstrated 
high  levels  of  CFTR  in  a subpopulation  of  surface  epithelial  cells  (approximately  10-40%  of 
the  total)  in  most  noncartilagenous  airways  (data  not  shown). 

These  studies  have  identified  a large  number  of  possible  cellular  targets  for  CFTR  gene  transfer. 
Functional  analysis  and  localization  studies  suggest  that  essentially  all  of  the  cells  of  the 
proximal  surface  epithelium  and  a substantial  number  of  distal  airway  epithelial  cells  express 
CFTR  in  non-CF  tissue  and  therefore  should  be  targeted  in  gene  therapy.  Fortunately,  these  cell 
types  are  easily  accessible  by  inhalation  or  lavage.  CFTR-expressing  cells  within  the 
submucosal  glands  will  be  more  difficult  to  target.  The  current  protocol,  which  is  designed  to 
reconstitute  CFTR  in  proximal  and  distal  surface  epithelia,  is  based  on  the  premise  that 
correction  of  the  submucosal  is  not  necessary  for  some  level  of  efficacy. 


II.B.2.  Production  of  recombinant  CFTR  adenovirus 

Recombinant  adenoviruses  were  generated  that  express  a variety  of  CFTR  alleles.  Detailed 
descriptions  of  the  methods  used  to  construct  the  vectors  and  produce  the  viruses  are  provided 
in  Section  IV. 

The  recombinant  virus  used  in  this  protocol,  Ad.CB-CFTR,  is  based  on  Ad5.  In  this  vector, 
sequences  spanning  the  El  region  from  1 to  9.2  mu  are  deleted  and  replaced  with  a minigene 
containing  CMV  enhancer,  p-actin  promoter,  CFTR  cDNA,  and  SV40  late  gene  polyadenylation. 
The  recombinant  virus  is  also  deleted  of  E3  sequences. 


II.B.3.  Complementation  of  the  CF  defect  in  vitro 

The  function  of  Ad.CB-CFTR  was  evaluated  in  the  cell  line  CFPAC  which  was  derived  from  the 
pancreatic  adenocarcinoma  of  a CF  patient.  Infectivity  of  the  cell  line  with  recombinant  Ad5  was 
determined  initially  with  lacZ  adenovirus  and  subsequently  with  Ad.CB-CFTR.  CFPAC 
populations  exposed  to  adenovirus  at  an  MOI  of  1 demonstrated  expression  in  30-40%  of  the 
cells.  Recombinant  CFTR  protein  expression  was  detected  by  immunocytochemistry  in  100%  of 
the  cells  after  exposure  to  Ad.CB-CFTR  at  an  MOI=500  (see  Figure  2).  The  function  of 
adenoviral-transduced  CFTR  protein  was  assessed  by  measuring  cAMP  mediated  stimulation  of 
Cl  conductance  using  the  halide  sensitive  fluorophone  SPQ.  In  this  assay,  halide  efflux  is 
measured  by  an  increase  in  fluorescence  in  cells  loaded  with  SPQ  and  iodide.  Results  from  mock 
infected  CFPAC  and  CFPAC  cells  infected  at  an  MOI  of  500  with  Ad.CB-CFTR  are  shown  in  Figure 
3.  Substitution  of  NO3  with  iodide  in  the  medium  of  each  population  of  cells  produced  little 
change  in  fluorescence.  Subsequent  increase  in  the  intracellular  cAMP  by  the  addition  of 
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forskolin  and  IBMX  stimulated  a rapid  rise  in  100%  of  the  cells  infected  the  wild  type  Ad.CB- 
CFTR  virus  which  was  quenched  when  iodide  was  substituted  for  NO3.  None  of  the  cells  that  were 
mock  infected  or  infected  demonstrated  cAMP  mediated  changes  in  fluorescence.  Cells  infected 
with  Ad.CB-CFTR  at  MOI’s  ranging  from  50  to  500  consistently  produced  good  SPQ  responses  in 
100%  of  the  cells. 

Experiments  were  performed  to  test  the  feasibility  of  detecting  recombinant  derived  CFTR  in 
primary  isolates  of  CF  airway  epithelial  cells.  Cells  removed  from  the  main  stem  bronchus  of  a 
CF  patient  were  piated  in  culture  and  exposed  to  either  Ad.CMV-lacZ  or  Ad.BA-CFTR  at  an  MOI  of 
500.  High  levels  of  recombinant  derived  CFTR  were  clearly  detected  in  100%  of  the  Ad.BA- 
CFTR  cells  (Figure  4).  Techniques  are  being  developed  for  measuring  cAMP  mediated  Cl 
conductance  in  the  primary  cultures  using  the  SPQ  assay. 


II.B.4.  Xenograft  model  of  the  Human  CF  Airway 

A critical  evaluation  of  the  safety  and  efficacy  of  adenoviral-mediated  transfer  of  the  CFTR  gene 
to  human  airway  would  be  greatly  simplified  if  there  was  an  authentic  animal  model.  Critical 
questions  relate  to  the  biology  of  El  deleted  Ad5  in  the  context  of  a human  airway  and 
parameters  necessary  to  achieve  functional  correction  in  this  structure.  Most  currently 
available  animal  models  fall  far  short.  A major  problem  is  that  the  airway  of  humans  differs 
substantially  in  function  and  anatomy  from  that  of  other  species.  For  example,  many  species, 
including  rodents,  are  essentially  void  of  the  sites  of  mucous  production  found  in  humans  (i.e., 
goblet  cells  of  the  surface  epithelium  and  submucosal  glands).  This  may  explain  why  the 
recently  described  murine  models  of  CF,  generated  by  mutating  CFTR  in  the  germ  line,  have  no 
pathology  in  the  lung  [Snouwaert  et  al.,  1992].  Another  important  consideration  is  the  marked 
variation  in  infection  and  replication  of  adenoviruses  that  is  observed  in  recipient  cells  from 
different  species. 

Our  strategy  was  to  develop  a model  based  on  the  development  of  a CF  human  airway  xenograft 
established  in  a nu/nu  mouse.  A schematic  representation  of  the  steps  involved  in  the  procedure 
are  shown  in  Figure  5.  Primary  airway  epithelial  cells  are  released  from  lung  tissue  obtained 
in  the  setting  of  lung  transplantation.  CF  cells  are  obtained  from  the  bronchi  of  diseased  lung 
that  has  been  removed,  and  non-CF  cells  are  obtained  from  proximal  airway  of  the  lung  that  is 
being  transplanted  into  the  CF  patient.  The  cells  are  cultured  for  several  days  in  the  presence  of 
antibiotics,  released  with  trypsin,  and  seeded  into  the  lumen  of  rat  trachea  that  have  been 
stripped  of  their  epithelium  by  freeze  thawing.  The  seeded  grafts  are  then  implanted 
subcutaneously  into  the  flanks  of  nu/nu  mice  with  the  proximal  and  distal  ports  of  the  graft 
open  to  the  environment  via  tubing  ligated  to  the  ends.  The  grafts  are  irrigated  with  normal 
saline  biweekly  to  remove  accumulations  of  mucus. 

The  grafts  are  allowed  to  mature  in  vivo  for  3 weeks  after  which  a fully  differentiated 
pseudostratified  epithelium  has  developed.  Light  micrographs  of  GMA  embedded  tissue  from  a 
native  bronchus  and  a xenograft  are  shown  in  Figure  6.  We  have  now  generated  108  grafts  from 
18  non-CF  bronchial  samples  and  104  grafts  from  13  CF  bronchial  samples. 

The  xenografts  have  been  subjected  to  extensive  morphometric  analysis  in  order  to  evaluate  the 
suitability  of  the  model.  Blocks  of  tissue  from  a non-CF  and  CF  xenograft  were  carefully 
examined  by  transmission  electron  microscopy.  Overall  structure  of  the  epithelium, 
distribution  of  cell  types  (i.e.,  ciliated,  goblet,  basal,  and  undifferentiated),  and  ultrastructural 
features  of  the  various  types  of  cells  was  determined.  These  findings  were  compared  to  similar 
analyses  of  native  main  stem  bronchus  (non-CF  and  CF)  located  adjacent  to  the  area  from  which 
the  cells  destined  for  xenografts  were  removed.  Electron  micrographs  of  non-CF  and  CF 


[814] 


Recombinant  DNA  Research,  Volume  16 


xenografts  and  corresponding  areas  of  adjacent  airway  are  shown  in  Figures  6 and  7.  There  was 
no  obvious  differences  in  the  overall  structure  or  ultrastructural  features  of  the  various 
samples  except  that  the  native  structure  occasionally  appeared  taller.  The  distribution  of  cell 
types  did  not  significantly  differ  between  the  non-CF  bronchus  and  non-CF  xenograft  or  the 
non-CF  and  CF  xenograft.  The  CF  bronchus  had  a significantly  increased  distribution  of  goblet 
cells  when  compared  to  the  CF  xenograft  suggesting  environmental  stimuli  may  be  responsible, 
in  part,  for  goblet  cell  hyperplasia  in  CF  (32%  in  bronchus  vs.  24%  in  graft). 

A detailed  description  of  the  electrophysiologic  properties  of  the  non-CF  and  CF  xenografts  are 
presented  in  section  II.B.6.  Manuscripts  describing  the  use  of  the  xenograft  model  are  contained 
in  Appendices  C,  D,  and  E. 


II.B.5.  Safety  and  Efficacy  Studies  in  Human  Non-CF  Xenografts 

Introduction.  Xenografts  generated  from  non-CF  cells  were  used  to  address  several  issues 
critical  to  the  evaluation  of  the  feasibility  and  safety  of  adenoviral-mediated  gene  transfer  to  the 
human  airway. 

Xenografts  repopulated  with  a fully  differentiated  epithelium  were  infected  with  purified  stocks 
of  a recombinant  virus  expressing  the  easily  detectable  marker  gene  lacZ.  This  virus  was 
selected  because  the  product  of  lacZ  is  easily  detected  in  situ  and  the  overall  structure  of  the 
virus  is  similar  to  the  Ad.CB-CFTR  virus.  This  recombinant  called  Ad.RSVIacZ  has  a lacZ 
minigene  expressed  from  a CMV  promoter  in  place  of  El  sequences  as  well  as  deletion  of  the  E3 
region.  Into  the  lumen  of  the  grafts  were  injected  the  following  viruses:  1)  Ad.RSVIacZ,  2)  El 
deleted  adenovirus  (AdEldelta),  3)  wild  type  Ad5,and  4)  PBS  ("mock").  The  virus  was 
expelled  and  the  xenografts  were  subjected  to  the  analyses  summarized  in  Figure  8.  Specific 
details  of  the  experiments  are  provided  below.  Appendix  E contains  a manuscript  describing 
these  experiments. 

Efficiency  and  persistence  of  adenoviral-mediated  oene  transfer  in  human  bronchial  epithelium. 
Xenografts  were  infected  with  concentrated  purified  stocks  of  Ad.RSVIacZ  adenovirus  at  1012 
pfu/ml,  109  pfu/ml,  and  108  pfu/ml  for  a total  of  1 hour.  The  El  deleted  adenovirus 
(AdEldelta)  at  1012  pfu/ml  was  used  as  a negative  control.  The  grafts  were  harvested,  fixed, 
stained  in  X-gal  and  visualized  enface  through  a dissecting  microscope  in  order  to  assess  the 
overall  efficiency  of  infection  (Figure  9).  Xenografts  infected  with  the  AdEldelta  demonstrated 
no  X-gal  positive  cells  when  harvested  3 days  after  exposure  to  virus  (Figure  9D,  inset),  while 
large  areas  of  lacZ  expression  were  demonstrated  in  grafts  exposed  to  Ad.RSVIacZ  at  1012 
pfu/ml  and  harvested  at  day  3 (Figure  9D).  Morphometric  analysis  of  GMA  sections  of  this 
xenograft  indicated  gene  transfer  in  11%  of  the  epithelial  cells  (Figure  10A  and  10B). 
Xenografts  infected  with  Ad.RSVIacZ  at  109  and  108  pfu/ml  demonstrated  gene  expression  in 
1.9%  and  <0.1%  of  the  total  cells  of  the  epithelium,  respectively,  when  harvested  at  three  days. 

Enface  micrographs  of  these  xenografts  are  provided  in  Figure  9A  (108  pfu/ml)  and  Figure  9B 
( 1 09  pfu/ml).  To  analyze  the  stability  of  adenoviral  lacZ  expression  within  the  bronchial 
epithelium,  xenografts  were  also  harvested  21  days  following  infection  with  109  pfu/ml 
Ad.RSVIacZ  adenovirus  (Figure  9C).  No  changes  in  the  percentage  of  X-gal  positive  cells  were 
seen  between  3 days  and  21  days  postinfection  (compare  Figure  9B  with  9C,  respectively). 

Similar  experiments  were  performed  with  Ad.CB-CFTR  virus  to  assess  the  efficiency  of 
recombinant  CFTR  expression  in  the  xenografts.  Non-CF  xenografts  were  exposed  to  1010 
pfu/ml  of  virus  and  subsequently  explanted,  frozen,  cryosectioned,  fixed  and  immunostained 
using  the  CFTR  COOH  terminal  antibody.  Figure  IT  shows  immunocytochemical  analyses  of  Ad. 
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CMV-lacZ  infected  grafts  (panel  A - Nomarsky,  and  panel  B - fluorescence)  and  Ad.CB-CFTR 
infected  grafts  (panel  C - Nomarsky,  and  panel  D * fluorescence).  Grafts  exposed  to  the  lacZ 
virus  demonstrated  autofluorescence  below  the  basal  laminal  and  low  level  fluorescence  in  basal 
cells  representing  endogenous  CFTR  expression  (panels  A and  B).  The  grafts  exposed  to  Ad.BC- 
CFTR  demonstrated  very  high  level  of  CFTR  expression  in  approximately  2-10%  of  the  cells. 
Both  ciliated  and  secretory  cells  expressed  the  recombinant  CFTR  which  in  each  case  was 
localized  on  the  apical  basal  lamina.  Recombinant  CFTR  was  also  expressed  in  a number  of 
intermediated  cells.  All  types  of  surface  epithelial  cells  expressed  the  recombinant  CFTR 
(panels  C and  D).  These  experiment  indicate  that  high  levels  of  recombinant  CFTR  expression 
can  be  achieved  in  the  surface  epithelium.  Furthermore,  the  recombinant  protein  is 
appropriately  localized  to  the  apical  plasma  membrane. 

Efficiency  of  infection  of  the  various  bronchial  epithelial  cell  types.  Quantification  of  the 

various  cell  types  infected  by  1012  pfu/ml  adenovirus  was  performed  by  analysis  of  1,000 
transgene-expressing  cells  detected  by  X-gal  staining  and  p-galactosidase 
immunocytochemistry.  Figure  11  shows  the  distribution  of  X-gal  positive  cell  types  as 

compared  to  the  normal  distribution  of  that  cell  type  within  the  epithelium.  With  a total  of 
11.1%  lacZ  positive  cells  in  the  epithelium,  5.5%  were  ciliated  cells,  0.3%  were  basal  cells, 
3.8%  were  goblet  cells  and  1.5%  were  intermediate  cells.  The  diffusion  of  X-gal  precipitate 
and  the  apparent  non-nuclear  localization  of  a majority  of  the  expressing  cells  made  the 
quantification  of  cell  types  within  these  large,  highly  expressing  clusters  difficult.  We 
performed  quantitation  of  lacZ  positive  cells  by  immunocytochemistry  using  a p-galactosidase 
polyclonal  antibody  as  confirmation  of  these  results.  In  contrast  to  X-gal  staining,  which 
frequently  produced  a reaction  product  distributed  throughout  the  cytoplasm,  all  positive  cells 
detected  by  antibody  staining  showed  a clear  concentration  of  staining  within  the  nucleus.  The 
ability  to  detect  p-galactosidase  by  immunofluorescence  provided  the  opportunity  to  co-localize 
recombinant  gene  expression  in  either  basal  cells  (cytokeratin  14)  or  columnar  cell 
(cytokeratin  18)  markers.  Figure  12  shows  a section  of  lacZ  reconstituted  xenograft  incubated 
simultaneously  with  3 antibodies:  red-p-galactosidase,  blue-cytokeratin  14  and  green- 

cytokeratin  18.  Of  1,500  lacZ  positive  cells  counted  only  1 colocalized  with  the  basal  cell 
marker. 

Expression  of  adenoviral  proteins  within  human  bronchial  epithelium.  Adenoviral  protein 
expression  from  both  wild  type  and  recombinant  adenovirus  was  analyzed  by 
immunocytochemical  techniques.  Antibodies  generated  to  purified  adenovirus  hexon  protein 
(1056F)  and  purified  adenovirus  type  3 fiber  protein  (805F)  have  been  shown  to  crossreact 
with  all  43  human  adenoviral  serotypes.  Both  antibodies  were  directly  labeled  with  FITC  and 
used  in  double  immunofluorescence  studies  with  the  polyclonal  p-galactosidase  antibody.  Wild 
type  adenoviral  infection  into  xenografts  produced  immunoreactive  cells  with  both  adenoviral 
antibodies  805F  (Figure  13D  and  13E)  and  1056F  (data  not  shown)  at  21  hours  postinfection. 
In  contrast,  retrovirally  infected  grafts  showed  no  reactivity  with  these  antibodies  (Figure  13F 
and  13G).  Xenografts  infected  with  1012  pfu/ml  recombinant  Ad.RSVIacZ  adenovirus  showed  no 
evidence  of  adenoviral  protein  expression  within  1,500  lacZ  positive  cells  analyzed  (Figure  13 
A-C). 

Recovery  of  adenovirus  from  xenografts.  Xenografts  infected  with  Ad.RSVIacZ  were  irrigated 
with  PBS  approximately  every  third  day  and  the  irrigants  layered  on  293  cells  and  evaluated 
for  virus  using  the  pfu  assay.  Figure  14  summarizes  the  results  obtained  in  three  grafts. 
There  is  a progressive  decrease  in  the  quantity  of  virus  recovered  during  a 2 week  period 
following  the  initial  infection;  no  virus  was  detected  beyond  14  days. 

Summary.  These  experiments  address  several  critically  important  issues  relevant  to  gene 
therapy  of  CF  with  El  deleted  adenoviruses.  First,  they  demonstrate  potentially  therapeutic 
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levels  of  gene  transfer  over  a log  range  with  respect  to  the  dose  of  recombinant  virus.  In 
addition  the  experiments  indicate  that  the  adenoviral  gene  persists  and  the  recombinant 
minigene  is  stably  expressed  for  at  least  3 weeks  without  apparent  diminution.  This  model 
would  not  detect  loss  of  adenoviral  infected  cells  due  to  a destructive  immune  response  because 
the  xenografts  are  maintained  in  an  immune  deficient  animal. 

This  model  also  provides  an  excellent  opportunity  to  address  two  important  questions:  Do  the 
transducted  cells  express  viral  structural  genes?  Does  the  genetically  reconstituted  graft 
produce  and  shed  virus?  In  each  case  the  answer  appears  to  be  no.  This  suggests  that 
replication  of  El  and  E3  deleted  Adenovirus  type  5 recombinants  will  not  occur  in  a human 
airway.  The  xenograft  is  a very  sensitive  model  of  replication  because  the  production  and 
propagation  of  virus  would  not  be  blunted  by  an  immune  response,  which  would  be  present  in 
patients  but  absent  in  the  nu/nu  mouse. 


II.B.6.  Complementation  in  Human  CF  Xenografts 

In  order  to  assess  the  feasibility  of  gene  therapy  it  is  important  to  determine  the  level  of  genetic 
reconstitution  that  is  necessary  for  detectable  improvement  in  the  electrophysiological 
properties  of  the  human  airway.  Furthermore,  it  is  important  to  determine  if  this  level  of 
correction  is  possible  with  the  virus  under  consideration  for  human  trials  (Ad.CB-CFTR).  This 
issue  was  initially  addressed  by  Johnson  et  al.  in  which  they  studied  the  bioelectric  properties 
of  epithelial  sheets  formed  in  vitro  with  mixtures  of  CFTR  negative  and  CFTR  positive  cells 
[Johnson  et  al.,  1992].  Their  data  indicate  that  as  few  as  6-10%  genetically  corrected  cells 
within  an  epithelial  sheet  generated  CL  transcript  properties  similar  to  sheets  comprised  of 
100%  corrected  cells. 

We  studied  this  question  in  CF  xenografts  exposed  to  Ad.CB-CFTR  virus.  CF  grafts  were  exposed 
to  either  Ad.CMV-lacZ  or  Ad.CB-CFTR  and  subsequently  evaluated  in  situ  for  correction  of  cAMP 
transport  across  the  epithelium  using  a modification  of  the  procedure  described  by  Johnson  et 
al.  Nu/nu  mice  that  carried  xenografts  were  anesthetized  with  ketamine/xylazine  in 
preparation  for  in  situ  functional  assays.  The  basic  concept  is  to  measure  transepithelial 
potential  difference  (PD)  in  response  to  various  stimuli.  The  ground  electrode  is  placed 
subcutaneously  and  the  measuring  electrode  is  placed  in  the  graft  lumen  bathed  in  the  indicated 
solution.  The  initial  measurement  is  made  in  the  presence  of  120  mM  CL.  The  luminal  bath  was 
subsequently  changed  in  the  following  way:  a)  amiloride  is  added,  b)  CL  is  decreased  from  120 
to  3 mM,  and  c)  forskolin  is  added. 

Results  obtained  with  xenografts  derived  from  a non-CF  and  CF  individuals  are  summarized  in 
Figure  15  (panels  A and  B respectively).  Introduction  of  the  Na  channel  blocker  amiloride  to 
the  lumen  bath  leads  to  a drop  in  PD  (i.e.,  less  negative)  in  both  non-CF  and  CF  grafts.  The  PD 
increases  (i.e.,  become  more  negative)  in  a stepwise  manner  in  the  non-CF  graft  when  luminal 
CL  is  decreased  (representing  basal  conductance  through  CFTR)  and  when  CFTR  is  stimulated 
with  forskolin. 

CF  xenografts  exposed  to  Ad.CMV-lacZ  or  Ad.CB-CFTR  were  subjected  to  similar  studies.  The  CF 
graft  exposed  to  Ad.CMV-lacZ  (Figure  15,  panel  D)  was  indistinguishable  from  the  noninfected 
CF  graft  (Figure  15,  panel  B)  while  the  CF  graft  exposed  to  CFTR  adenovirus  demonstrated 
significant  increases  in  PD  in  response  to  changes  in  luminal  CL  and  forskolin  (Figure  15, 
panel  C). 

These  xenografts  have  been  explanted  and  evaluated  for  efficiency  of  genetically  reconstituted 
cells.  Previous  experience  indicates  that  CFTR  expression  should  be  detected  in  5-20%  of  the 
cells.  Analyses  of  these  grafts  presented  in  Figure  15  are  underway. 
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These  results  indicate  that  single  exposure  of  a CF  epithelium  to  Ad.CB-CFTR  results  in 
detectable  differences  in  the  bioelectric  properties  consistent  with  partial  correction  of  CFTR 
function. 


II. B. 7.  Safety  Studies  in  Trangenic  Mice 

Important  safety  concerns  of  this  protocol  relate  to  the  consequences  of  ectopic  and/or 
unregulated  CFTR  expression  in  the  human  lung.  For  example,  will  there  be  deleterious  effects 
of  CFTR  expression  in  cells  of  the  lung  that  do  not  normally  express  this  gene?  In  collaboration 
with  Dr.  Jeff  Whitsett,  at  the  University  of  Cincinnati  Medical  Center,  we  established 
transgenic  mouse  lines  that  express  human  CFTR  under  the  control  of  transcriptional  elements 
derived  from  the  human  surfactant  protein  C(SP-C)  gene  [Whitsett  et  al.t  1992]. 

The  hCFTR  mRNA  was  expressed  in  lungs  and  testes:  in  the  lung,  we  found  hCFTR  mRNA  in 
bronchiolar  and  alveolar  epithelial  cells  and  CFTR  protein  in  respiratory  and  epithelial  cells. 
While  the  level  of  expression  of  hCFTR  mRNA  varied,  hCFTR  mRNA  and  protein  were  detected  in 
pulmonary  epithelial  cells  of  several  lines  at  high  levels.  Lung  weight,  morphology,  somatic 
growth  and  reproductive  capacity  were  not  altered  by  expression  hCFTR  in  lung  and  testes  of  the 
transgenics.  Our  findings  suggest  ectopic  and  unregulated  expression  of  human  CFTR  in  lung 
epithelial  cells  may  not  be  deleterious.  A copy  of  the  paper  describing  this  finding  is  provided 
in  Appendix  F. 


II. B. 8.  Safety  and  Feasibility  Studies  in  Nonhuman  Primates 

Experiments  were  performed  in  three  Rhesus  monkeys  (Macaca  mulatta)  to  further  assess  the 
feasibility  and  safety  of  gene  therapy  using  El  deleted  adenoviruses.  Each  animal  was 
anesthetized,  intubated,  and  ~3  ml  of  purified  virus  was  administered  into  the  airway  through 
the  endotracheal  tube  while  the  animal  was  lying  in  the  left  lateral  decubitus  position.  Two 
animals  (9037  and  9650)  received  Ad.CMV-lacZ  and  one  animal  (8829)  received  Ad.CB-CFTR. 
The  animals  were  monitored  clinically  and  serial  blood  hematology/chemistry  were  evaluated. 
Animals  9037  and  8829  were  necropsied  3 days  after  administration  of  virus;  animal  9650 
will  be  necropsied  3 weeks  post-infusion.  A summary  of  the  experiment  is  presented  in  the 


table  below. 

Virus 

Animal 

Sex 

Wt  (Rg) 

Iyp£ 

TotaUplu) 

9037 

Male 

3.6 

Ad.CMV-lacZ 

3x1 01 1 

8829 

Male 

4.2 

Ad.CB-CFTR 

3x1 01 1 

9650 

Male 

3.2 

Ad.CMV-lacZ 

3x1 01 1 

The  animals  tolerated  the  procedure  well  without  obvious  clinical  sequalae.  Necropsy 
evaluations  of  animals  9037  and  8829  three  days  after  administration  of  virus  failed  to  reveal 
pathology.  Blood  chemistry  and  hematology  values  remained  within  normal  limits  (see  Tables 
in  Appendix  A). 

We  have  begun  characterizing  tissues  from  9037  for  evidence  of  adenovirus  mediated  gene 
transfer.  Tissues  from  various  organs  were  frozen,  cryosectioned,  mounted,  and  stained  in  X- 
gal.  No  staining  was  detected  above  background  in  brain,  liver,  spleen,  kidney,  heart,  and 
testes.  Significant  staining  was  seen  throughout  the  lung.  Representative  sections  of  lung  are 
presented  in  Figure  16.  There  was  patchy  staining  in  proximal  airway  covering  1-2%  of  the 
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surface  and  a majority  of  staining  in  the  air  space  (alveolar  cells  and  macrophages)  with  some 
reaction  noted  in  distal  airways.  DNA/RNA  analysis  of  all  tissues  is  underway. 


III.  Experimental  Design 
I II. A.  Patient  selection 

A total  of  10  patients  with  cystic  fibrosis  will  be  recruited  from  Michigan,  Indiana,  and  Illinois 
by  contacting  in  person,  by  telephone,  and  by  letter:  1)  CF  Center  Directors,  and  2)  Physicians 
specializing  in  pulmonary  medicine  or  other  specialties  who  are  known  to  be  active  in  providing 
care  for  patients  with  cystic  fibrosis.  The  list  of  physicians  will  be  obtained  from  CF  Center 
Directors. 

Entry  into  the  study  will  be  contingent  upon  fulfilling  the  following  criteria: 

Inclusion  Criteria 

1 . Proven  diagnosis  of  cystic  fibrosis.  Proof  will  consist  of  documentation  of  both: 

a)  Sweat  sodium  or  chloride  > 60  mEq/l  by  the  pilocarpine  iontophoresis  method  or 
cystic  fibrosis  genotype 

b)  Clinical  manifestations  of  cystic  fibrosis. 

2.  Age:  ^ 18  years  old. 

3.  Gender:  Males  or  females.  Only  patients  who  have  no  chance  of  procreating  will  be 
entered  into  the  study.  In  the  unlikely  event  that  participation  in  the  study  induces 
germline  mutations,  these  alterations  will  not  be  passed  onto  future  generations. 

Males  are  eligible  if  they  have  documented  azospermia  Over  95%  of  males  with  cystic 
fibrosis  have  congenital  atrophy  of  the  vas  deferens  and  would  thus  fulfill  this  criterion. 

Females  are  eligible  if  they  are  documented  to  have  had  bilateral  tubal  ligations  or  a 
hysterectomy. 

4.  Severity  of  disease:  To  be  eligible,  a patient  must  be  in  adequate  clinical  condition  to 
safely  undergo  the  planned  procedures,  i.e.  bronchoscopies.  An  acceptable  reserve  will 
be  defined  as  having  a clinical  condition  such  that  the  estimated  2 year  survival  is  > 
50%.  Using  the  study  of  Kerem  et  al.  [Kerem,  1992],  patients  will  be  considered  to 
have  a greater  than  50%  chance  of  two  year  survival  if  they  fulfill  all  of  the  following: 

a)  FEVi  ^ 30%  predicted 

b ) PaC>2  > 55  mmHg  while  breathing  room  air 

c)  PaC02  < 50  mmHg  while  breathing  room  air 

Although  the  disease  severity  criteria  have  been  selected  to  avoid  entering  patients  with 
near  terminal  pulmonary  disease,  the  intent  nevertheless  is  to  study  those  with  at  least 
moderate  to  severe  lung  disease  and  a substantially  shortened  predicted  survival.  To 
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select  only  those  with  an  estimated  chance  of  5 year  survival  of  50%,  the  patient  must 
fulfill  the  following  criterion  [Huang,  1987;  Shwachman,  1958]: 


d)  Shwachman-Kulczycki  clinical  score  ^ 50. 

Exclusion  Criteria 

1 .  Conditions  which  would  place  the  patient  at  increased  risk  for  complications  from 
participating  in  the  study  would  include: 

a)  Pneumothorax  within  the  last  12  months 


b)  Insulin-dependent  diabetes 

c)  Asthma  or  allergic  bronchopulmonary  aspergillosis  requiring  glucocorticoid 
therapy  within  the  last  two  months 


d)  Sputum  culture  growing  a pathogen  which  does  not  have  in  vitro  sensitivity  to  at 
least  two  types  of  antibiotics  which  could  be  administered  to  the  patient. 


e)  History  of  major  hemoptysis:  Coughing  up  greater  than  250  ml  of  blood  within  a 
24  hour  period  during  the  last  year. 


f )  Any  medical  condition  or  laboratory  abnormality  which,  according  to  the  opinion 
of  the  investigators,  would  place  the  patient  at  increased  risk  for  complications. 

2.  The  patient  will  be  carefully  evaluated  for  evidence  of  active  adenoviral  infection. 
History  and  physical  examination  will  be  used  to  identify  clinical  evidence  for  adenoviral 
syndromes  such  as  coryza,  pharyngitis,  tonsillitis,  bronchitis,  pneumonia, 
conjunctivitis  or  diarrhea.  A variety  of  specimens  will  be  evaluated  for  adenoviruses 
using  culture  techniques  as  well  as  immunofluorescent  and  enzyme-linked 
immunosorbent  assays  performed  directly  on  the  specimen.  Evidence  for  active 
adenoviral  infection  at  the  time  of  therapy  will  be  a basis  for  exclusion.  Another 
relevant  question  relates  to  previous  exposure  of  the  gene  therapy  recipient  to  Ad5  and 
similar  serotypes  based  on  adenovirus  specific  neutralizing  antibodies.  We  expect  that 
virtually  all  of  our  adult  patients  will  have  been  exposed  to  adenoviruses  that  confer 
humoral  immunity  to  Ad5.  This  is  based  on  a large  body  of  literature  which  indicate  that 
the  lower  numbered  adenoviruses  Adi , Ad2,  Ad5,  and  Ad6  are  endemic  in  most  countries. 
The  prevalence  of  adenovirus-specific  neutralizing  antibodies  by  the  age  3 is  estimated 
to  80%  in  the  USA  (Hueber  et  al.,  1954;  sterner,  1962;  Hall  et  al.,  1971;  Foy  and 
Grayston,  1976).  All  patients  enrolled  in  the  protocol  will  be  evaluated  for  previous 
exposure  to  Ad5  and  related  types  using  a variety  of  serologic  assays.  We  expect  that 
essentially  every  candidate  patient  will  be  seropositive.  In  fact  any  patient  that  is  not 
seropositive  will  be  excluded  from  the  protocol.  Existing  humoral  immunity  to  the 
virus  is  considered  a safety  feature  thereby  preventing  dissemination  beyond  the 
localized  area  of  lung  to  which  the  recombinant  is  exposed.  . 


3.  Drug  therapy:  Treatment  with  systemic  glucocorticoids  within  two  months  prior  to 
initiation  of  the  study. 

4.  Inability  to  comply  with  the  protocol.  Patients  will  be  excluded  if,  in  the  opinion  of  the 
investigators,  the  patient  has  characteristics  which  would  make  compliance  with  the 
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protocol  unlikely,  e.g.  drug  abuse,  alcoholism,  psychiatric  instability,  inadequate 
motivation. 

5.  Participation  in  another  investigational  therapeutic  study  within  the  previous  90  days. 
III.B.  Patient  Evaluation 

The  following  evaluations  will  be  performed  at  various  times  throughout  the  study: 

1 . History  and  physical  examination 

A history  relevant  to  the  manifestations  of  both  cystic  fibrosis  and  unrelated  diseases 
will  be  taken.  A full  review  of  systems,  medication  usage,  and  drug  allergy  history  will 
be  obtained. 

2.  Clinical  laboratory  evaluations: 

a)  Blood:  Hemoglobin,  hematocrit,  white  blood  cell  count,  white  blood  cell 

differential  count,  platelet  count,  Westergren  sedimentation  rate.  Serum 
electrolytes  (sodium,  potassium,  chloride,  bicarbonate)  BUN,  creatinine, 
glucose,  uric  acid,  total  protein,  albumin,  calcium,  phosphate,  total  bilirubin, 
conjugated  bilirubin,  AST,  ALT,  alkaline  phosphatase,  LDH. 

b)  Urine  analysis:  Qualitative  protein,  blood,  glucose,  ketones,  pH.  Microscopic 
examination. 

3.  Pulmonary  function  tests 

Testing  will  be  performed  in  the  University  of  Michigan  Pulmonary  Function  Laboratory 
and  will  meet  the  standards  set  by  the  American  Thoracic  Society  [1987a,  1987b] 

a)  Spirometry  using  the  normal  predicted  values  of  Crapo  et  al.  [1981]. 

b)  Absolute  lung  volumes  (total  lung  capacity,  thoracic  gas  volume,  residual 
volume) 

c)  Diffusion  capacity,  single  breath 

4.  Arterial  blood  gases  and  pulse  oximetry  while  breathing  room  air 

5.  Electrocardiogram  (12-lead) 

6.  Postero-anterior  and  lateral  chest  x-ray 

7.  Thin-cut  computerized  tomography  of  the  chest 

8.  Aerobic  bacterial  culture  of  sputum  with  antibiotic  sensitivities 

9.  Shwachman-Kulczycki  score  calculation 
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10.  Sperm  count  for  males 

If  a sperm  count  has  not  been  done  previously  with  the  results  documented,  semen 
analysis  will  be  performed  by  the  Department  of  Urology,  University  of  Michigan 

Center. 

1 1 . Bronchoscopy 

Patients  will  be  allowed  nothing  by  mouth  for  6 hours  prior  to  the  procedure.  They  will 
be  premedicated  with  0.2  mg  gly  copyrrol  ate  and  50  mg  meperidine  intravenously  30 
minutes  before  bronchoscopy.  Electrocardiogram,  pulse  rate,  and  pulse  oximetry  will 
be  continuously  monitored.  Blood  pressure  will  be  monitored  every  5 minutes  by  an 
automated  noninvasive  system.  Viscous  lidocaine  2%  (30  ml)  will  be  gargled  and 
expectorated.  Lidocaine  4%  will  be  sprayed  onto  the  posterior  pharynx  and  larynx  by  a 
hand  held  atomizer.  The  bronchoscope  will  be  introduced  through  the  nose  in  patents 
without  nasal  obstruction  or  evidence  of  polyps.  If  the  nasal  approach  cannot  be  used, 
the  bronchoscope  will  be  introduced  orally.  In  patients  undergoing  bronchoscopy  by  the 
nasal  route,  oxymetazoline  hydrochloride  0.05%  will  be  applied  topically  to  the  mucosa 
of  one  nasal  passage  with  a cotton  swab.  Lidocaine  jelly  2%  will  be  instilled  into  the 
same  nasal  passage.  Supplemental  oxygen  by  cannula  will  be  administered  at  the  mouth 
at  6 liters/minute.  Midazolam  will  be  administered  intravenously  in  1 mg  boluses  over 
15  seconds  every  5 minutes  until  the  patient  is  relaxed  but  still  arousable  by  verbal 
stimuli.  Additional  midazolam  will  be  administered  in  1 mg  boluses  up  to  every  15 
minutes  to  maintain  this  level  of  sedation.  A flexible  fiberoptic  bronchoscope  will  be 
introduced  transnasally.  Lidocaine  2%  will  be  injected  through  the  bronchoscope  to 
anesthetize  the  larynx  and  airways  as  needed. 

12.  Bronchoalveolar  lavage 

50  ml  aliquots  of  normal  saline  will  be  injected  through  the  bronchoscope  that  has  been 
gently  wedged  into  a segmental  bronchus.  The  lavagate  will  be  aspirated  into  a suction 
trap.  The  procedure  will  be  repeated  until  three  aliquots  have  been  administered  and 
recovered. 

13.  Mucosal  epithelial  cell  brushing:  A sleeved  catheter  with  internal  brush  will  be 

introduced  into  the  bronchus  [Kelsen,  1992].  The  brush  will  be  rubbed  against  the 
epithelial  mucosa  and  the  adherent  cells  removed  by  agitating  the  brush  in  sterile 
medium. 

14.  Transbronchial  biopsies:  A biopsy  forceps  will  be  introduced  into  the  bronchus  and 
under  fluoroscopic  guidance  six  pieces  of  tissue  will  be  taken. 


III.C.  Clinical  Protocol 

Screening  evaluation  Evaluation  must  be  performed  within  four  weeks  of  gene  therapy. 
Written  informed  consent  will  be  obtained  prior  to  participation  in  the  screening  evaluation. 

Information  obtained  during  screening  will  be: 

History  and  physical  exam 
Clinical  laboratory  blood  tests 
Sperm  count  on  males 
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Pulmonary  function  tests 

Pulse  oximetry  and  arterial  blood  gas 

Electrocardiography  (12-lead) 

PA  and  lateral  chest  x-ray 
Thin-cut  CT  scan 

Sputum  culture  with  antibiotic  sensitivities 
Shwachman-Kulczycki  Score  calculation 

Pretransfection  treatment 

Beginning  2 weeks  prior  to  transfection,  the  patient  will  begin  an  intensified  treatment  protocol 
to  reduce  respiratory  infection  and  maximize  overall  condition.  For  the  two  weeks,  the  patient 
will  receive  two  anti-Pseudomonal  antibiotics  to  which  their  cultured  organism  is  sensitive. 
Twice  a day  postural  drainage  and  percussion  will  be  performed.  The  patient  will  continue  on 
the  remainder  of  their  chronic  treatment  regimen.  This  phase  can  be  accomplished  either  as  an 
inpatient  or  outpatient.  During  the  subsequent  studies,  the  patient  will  continue  on  their 
previously  prescribed  medical  program.  This  includes  continuation  of  any  oral  antibiotics, 
pancreatic  enzymes,  theophylline,  and  vitamin  supplements.  Aerosolized  bronchodilators  and 
antibiotics  will  be  continued. 

Selection  of  segment  for  transfection 

The  chest  x-ray  and  thin  cut  CT  scan  will  be  used  to  select  an  anatomical  pulmonary  segment 
that: 


a)  Has  a degree  of  disease  involvement  average  for  that  patient 

b ) Is  in  a location  such  that  the  patient  can  be  positioned  at  bronchoscopy  so  that  the 
segmental  bronchus  is  gravitationally  dependent 

Transfection  procedure 

The  patient  will  be  prepared  for  bronchoscopy  as  indicated  above.  The  bronchoscope  will  be 
introduced  and  advanced  to  the  orifice  of  the  segment  chosen  for  the  transfection.  Secretions 
present  within  the  segmental  bronchus  will  be  aspirated  through  the  bronchoscope. 
Transepithelial  electrical  potential  difference  will  be  measured  in  the  segment  selected  for 
transfection  and  in  the  segmental  bronchus  that  is  located  in  the  same  position  in  the  opposite 
lung.  A balloon  catheter  will  be  introduced  through  the  bronchoscope  channel  and  advanced  one 
centimeter  into  the  orifice  of  the  lung  segment  to  be  transfected.  The  balloon  will  be  inflated 
under  direct  vision  until  the  orifice  is  minimally  occluded.  50  ml  of  virus  at  a concentration  of 
1010  pfu/ml  in  normal  saline  at  37°C  will  be  instilled  through  the  balloon  catheter.  The 
catheter  with  balloon  inflated  will  be  held  in  place  for  30  minutes,  after  which  time  any 
remaining  fluid  will  be  aspirated.  The  balloon  will  be  deflated  and  the  catheter  and 
bronchoscope  removed. 

In  this  initial  study  we  propose  to  use  a single  dose  of  virus,  1010  pfu/ml  in  a total  volume  of 
50  ml.  This  particular  dose  was  selected  based  on  our  experience  in  human  CF  xenografts.  We 
found  that  increasing  the  concentration  of  virus  above  1010  pfu/ml  did  not  appreciably  increase 
the  efficiency  of  gene  transfer.  We  elected  not  to  try  lower  doses  because  of  the  very  real 
possibility  that  the  efficiency  of  gene  transfer  would  be  insignificant.  In  the  absence  of  gene 
transfer  little  would  be  learned  about  safety  and  feasibility  and  the  risks  of  4 bronchoscopies 
would  not  seen  acceptable.. 
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Post  bronchoscopy  monitoring 


Vital  signs  including  blood  pressure,  pulse,  temperature,  and  respiratory  rate  will  be  measured 
and  recorded  every  five  minutes  for  the  first  hour,  every  15  minutes  for  the  next  two  hours, 
every  one  hour  for  the  next  six  hours,  and  every  two  hours  for  the  next  15  hours,  and  every 
four  hours  for  the  rest  of  the  week  post-transfection.  Continuous  electrocardiographic  and 
pulse  oximetry  will  be  measured  for  the  first  24  hours.  The  clinical  laboratory  blood  tests  that 
are  listed  above,  pulse  oximetry,  and  PA  and  lateral  chest  x-rays  will  be  performed  daily  for 
the  first  week,  twice  a week  for  the  second  week,  and  weekly  thereafter  for  six  weeks.  Thin  cut 
CT  scans  will  be  performed  on  the  day  prior  to  the  follow-up  bronchoscopy. 

Following  the  administration  of  virus  the  patients  will  be  kept  in  an  isolation  room  with  full 
respiratory  precautions.  This  involves  a negative  pressure  room  in  which  the  air  is  filtered 
and  delivered  outside.  Anyone  entering  the  room  will  were  a gown,  mask,  eye  protection,  and 
gloves.  The  patient  will  be  in  isolation  for  at  least  10  days  after  initiation  of  therapy.  While  in 
the  hospital  the  patient  will  have  his/her  sputum,  nasal  swab,  urine  and  stool  analyzed  for 
replication  competent  adenoviruses  of  any  serotype  using  standard  adenovirus  assays.  These 
samples  will  also  be  evaluated  for  CFTR  recombinant  virus  using  the  PCR  assay  described  in 
sections  IV.D.2.e.  In  the  unlikely  event  that  the  patient  continues  to  shed  recombinant  CFTR 
adenovirus  in  the  airway,  he/she  will  be  kept  in  the  hospital  for  a longer  period  of  time. 

Schedule  for  post-transfection  bronchoscopies 

Day  4 (transfection  on  day  0) 

Day  42 

Day  90 

Samples  and  measurements  obtained  during  post-transfection  bronchoscopies 

a)  Transepithelial  electrical  potential  difference  at  four  sites  within  the  transfected 
segment  and  within  the  segmental  bronchus  of  its  mirror  image  in  the  opposite 
lung. 

b)  Bronchoalveolar  lavage  of  transfected  segment  and  its  mirror  image  in  the 
opposite  lung. 

c ) Six  cytological  brushings  of  alveolar  surface  from  the  transfected  segment 

d)  Six  transbronchial  biopsies  from  the  transfected  segment. 


III.D.  Evaluation  of  therapy 

The  patient  will  be  carefully  monitored  for  toxicity,  immunological  response  to  CFTR  protein  or 
adenoviral  proteins  and  efficiency  and  stability  of  gene  transfer. 

1 . Toxicity  - Serial  examinations  to  include  PFT's,  blood  chemistry,  hematology  and 

cultures  for  adenovirus  will  be  performed.  Bronchoalveolar  lavage  fluid  obtained  during 
each  follow-up  bronchoscopy  will  be  carefully  analyzed  for  wild  type  and  recombinant 
virus. 
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2.  Immunological  responses  - A major  aspect  of  this  protocol  is  to  evaluate  the  serological 
response  to  the  patient.  The  patient's  serum  and  bronchoalveolar  lavage  fluid  will  be 
evaluated  for  serological  responses  to  wild  type  CFTR  and  adenoviral  proteins. 

3 . Efficiency  and  stability  of  gene  transfer  - Bronchoscopy  performed  following  gene 
transfer  will  provide  an  opportunity  to  assess  gene  transfer  and  CFTR  expression. 
Transepithelial  electrical  potential  differences  will  be  performed  at  four  sites  within 
the  transfected  segment  using  techniques  described  in  section  II.C.6.  Superficial  airway 
epithelial  cells  will  be  harvested  by  brushing  and  plated  in  culture.  These  cells  will  be 
analyzed  for  CFTR  protein  and  adenoviral  protein  expression  using  techniques  of 
immunocytochemistry  (see  sections  II.B.1  and  II.B.3)  Functional  correction  will  be 
assessed  in  cultured  cells  using  the  functional  assay  described  in  section  II.B.3. 
Transbronchial  biopsy  material,  containing  airway  and  airspace  tissue,  will  be  analyzed 
for  CFTR  expression  by  immunocytochemistry  and  in  situ  hybridization. 


IV.  Isolation  and  Production  of  CFTR  Adenoviruses 
IV A Vector  Construction 

Step  1.  Construction  of  pAdBglll.  The  purpose  of  this  step  was  to  construct  a plasmid  containing 
the  5'  portion  of  Ad  5 with  deletion  of  El  sequences  and  a unique  cloning  site.  Figure  17,  panel  A 
summarizing  this  plasmid  construction.  The  plasmid  pEHX-L3  contains  sequences  from  Ad5 
spanning  map  units  1 to  1 6.1 . pEHX-L3  was  digested  with  EcoRI  and  Bglll  and  a 5.2  kb 
fragment  isolated,  which  contains  the  adenoviral  sequences  from  map  units  9.2-16.1  and  the 
plasmid  backbone  (derived  from  pAT  153  and  described  in  Falck-Pedersen  et  al.,  1989).  The 
adenoviral  sequences  from  map  unit  0-1  which  contains  the  5'  inverted  terminal  repeat,  origin 
of  replication  and  encapsidation  signal  were  amplified  from  the  original  pEHX-L3  using  PCR  to 
insert  a Nhe  I site  immediately  downstream  of  the  EcoR  I site,  and  a Bgl  II  site  at  the  3'  end. 

This  PCR  fragment  and  the  EcoR  l/Bgl  II  5.2  kb  fragment  were  ligated  to  produce  the  plasmid 
pAdBglll. 

Step  2.  Construction  of  pAd.CMV-lacZ.  A complete  minigene  containing  the  CMV  enhancer  and 
promoter,  the  lacZ  gene,  and  the  SV40  late  gene  polyadenylation  signal  was  cloned  into  the  Bglll 
site  of  AdBglll.  The  source  of  the  minigene  cassette  was  plasmid  pCMV-p  (provided  by  Grant 
MacGregor,  Baylor).  A description  and  schematic  of  the  construction  of  pCMV-p  have  been 
provided  by  Dr.  McGregor.  The  description  is  presented  below  verbatim  and  the  schematic  is 
provided  in  Figure  17,  panel  B. 

pUC19  (Yanisch- Perron  et  al.,  1985)  was  used  as  a backbone  for  the  construction  of  pCMV-p. 
An  8mer  Notl  linker  (New  England  Bioloabs  # 1029)  was  cloned  into  the  Smal  site  of  pUC19. 
This  destroys  the  Smal  site,  but  generates  in  the  process  two  Sacll  sites,  one  immediately  on 
each  side  of  the  Notl  linker.  This  vector  was  designated  pN.  To  provide  a polyadenylation  signal, 
a 196  bp  fragment  from  the  SV40  genome  (nucleotides  2533-2729)  was  purified  from  an 
SV40  containing  vector  and,  following  the  addition  of  BamHI  linkers,  this  fragment  was  cloned 
into  the  unique  BamHI  site  within  pN.  The  fragment  is  orientated  such  that  RNA  polymerase 
transcribing  from  a promoter  upstream  of  the  Notl  site  passing  through  the  Notl  site  and  into 
the  SV40  fragment  will  encounter  the  SV40  late  gene  polyadenylation  signal  (the  early  gene 
polyadenylation  signal  appears  in  the  opposite  orientation).  This  vector  was  designated  pNA.  A 
180  bp  region  of  the  SV40  genome  containing  late  viral  protein  gene  16s/19s  splice  donor  and 
accept  signals  [obtained  as  a Xhol-Pstl  fragment  from  pLI  (Okayama  and  Berg,  1983)]  was 
cloned  into  pNA  to  provide  the  appropriate  signals.  This  vector  was  designated  pNAss.  The 
human  cytomegalovirus  immediate  early  gene  promoter  and  enhancer  was  obtained  as  a 619  bp 
Thai  fragment  from  pCM5029  (Boshart  et  al,  1985).  This  was  cloned  into  the  Hindi  site  of 
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pUC18  and  subsequently  recovered  as  a BamHI/Hindlll  fragment  which  was  treated  with  T4  DNA 
polymerase  prior  to  blunt  end  ligation  into  the  vector  pNAss.  The  E.Coli  p-galactosidase  gene 
from  pC4AUG  ( McGregor  et  al.f  1987)  was  excised  as  a 3530bp  EcoRI  - Xbal  fragment  and, 
following  the  addition  of  Notl  linkers,  cloned  into  the  unique  Notl  site  of  the  vector. 


The  entire  minigene  containing  the  CMV  promoter,  lacZ  gene,  and  SV40  polyA  were  excised  from 
pCMV-p  on  an  Sphl  fragment.  This  fragment  was  treated  with  Klenow  and  ligated  with  Bell 
linkers.  The  pAdBglll  vector  was  digested  with  Bglll  and  treated  with  calf  intestinal  phosphatase 
before  the  Bell  linkered  minigene  was  cloned  in  direct  orientation  into  the  Bglll  site  of  pAdBglll. 


See  Figure  17,  panel  C for  overview. 


Step  3.  Construction  of  pAd.CMV-lacZ.  The  purpose  of  this  construction  was  to  remove  the  CMV 
promoter  and  lacZ  gene  from  the  pAdCMV-lacZ  vector  and  introduce  a fragment  containing  a 
portion  of  the  CMV  enhancer,  the  chicken  p-actin  promoter,  the  full-length  CFTR  minigene  and 
a small  portion  of  retroviral  sequences  from  Mo-MLV.  A brief  description  of  the  retroviral 
vector  from  which  the  CFTR  gene  was  described  is  provided  below. 


The  backbone  structure  of  this  vector  called  pBA-CFTR  includes  an  intact  5'LTR  of  Moloney 
murine  leukemia  virus  (Mo-MLV)  with  additional  Mo-MLV  sequences  between  the  5'  LTR  and 
the  internal  promoter  spanning  nucleotide  146  at  the  border  of  U5  to  the  natural  Xhol  site  in 
the  gag  coding  region  at  nucleotide  624;  see  Van  Beveren  er  all,  1985).  The  plasmid  also 
contains  wild-type  Mo-MLV  sequences  from  the  Clal  site  at  nucleotide  7674  (which  was 
converted  to  a BamHI  site  with  synthetic  linkers)  to  the  end  of  the  3'  LTR.  Sequences  containing 
the  viral  enhancer  elements  of  the  3'  LTR  from  the  Pvull  site  at  nucleotide  7933  to  the  Xbal  site 
at  nucleotide  81 1 1 have  been  deleted.  In  addition  to  these  sequences,  there  are  flanking  mouse 
genomic  DNA  and  pBR322  sequences  (spanning  the  Hindlll  site  to  the  EcoRI  site).  The  initial 
promote  used  in  this  vector  was  derived  from  a Xho  I to  Mbo  I fragment  of  the  chicken  p-actin 
gene  spanning  nucleotides  -266  to  +1  (Kost  et  al.,  1 983).  The  Mbol  site  was  converted  to  a 
BamHI  site  and  the  modified  p-actin  fragment  was  cloned  into  the  parent  vector,  called  pgagBA. 
The  human  CFTR  coding  sequences  were  derived  from  a 4.6  kb  Sacl  fragment  which  contains  the 
complete  coding  sequence  and  small  5'  and  3'  untranslated  regions  (Riordan  et  al.,  1989).  The 
Sacl  sites  were  converted  to  Bell  sites  and  the  modified  fragment  was  cloned  into  the  BamHI  site 
of  pgagBA.  This  vector  is  called  pgagBA-CFTR.  An  enhancer  was  introduced  into  the  Xhol  site  of 
this  vector . Thess  sequences  were  derived  from  an  area  5'  to  the  immediate  early  (IE)  gene  of 
human  cytomegalovirus  [from  Spel  (at  -580  of  IE  gene)  to  Pstl  (site  in  vector  sequence)  of 
CDM1,  Seed  et  al.,  1987]  were  subcloned  into  PUC19.  A portion  containing  IE  enhancer 
sequences  was  removed  on  a Xhol  (from  polylinker)  to  Ncol  (-220  of  the  IE  gene)  fragment 
(for  numbering  of  IE  enhancer  see  Boshart  et  al.,  1985).  Synthetic  linkers  were  used  to 
convert  the  Ncol  site  to  a Xho  I site  and  the  modified  fragment  was  cloned  into  the  unique  Xhol 
site  of  pgagBACFTR  located  5'  to  the  p-actin  promoter.  This  new  vector  is  called  pCMV-BA- 
CFTR. 


The  retroviral  vector  pCMV-BA-CFTR  was  digested  with  Xho  I and  Nhe  I to  release  a fragment 
(BA-CFTR)  containing  the  chick  p-actin  promoter,  the  4.6  kb  human  CFTR  cDNA  and  a small 
portion  of  retrovirus-specific  sequences.  The  plasmid  pAd.CMV-lacZ  was  cut  with  Sna  Bl  and 
Not  I to  remove  CMV  promoter  and  lacZ  structural  gene,  and  the  plasmid  backbone  retaining  the 
CMV  enhancer  and  the  SV40  polyadenlyation  signal  was  blunted  and  ligated  with  the  blunted  BA- 
CFTR  fragment  to  form  the  plasmid  pAd.CB-CFTR.  For  a schematic  representation  of  this  please 
see  Figure  17,  panel  D. 
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IV.B.  Generation  of  Recombinant  Ad.CB-CFTR  Virus 

The  recombinant  CFTR  adenovirus  was  constructed  from  the  plasmid  pAd.CB-CFTR  and  a 
modified  adenovirus  type  5 (Ad  5),  dl7001,  in  which  the  majority  of  the  E3  region  (map  units 
78.4-86)  was  deleted. 

dl7001  was  kindly  provided  by  Dr.  William  Wold  from  St.  Louis.  A description  of  this  viral 
genome  as  provide  to  us  is  presented  below  verbatum.  dl7001  is  derived  from  rec700,  an  Ad5- 
Ad2-Ad5  recombinant  which  has  the  Ad5  EcoRI-A  (map  unit  0-76),  Ad2  EcoRI-D  (mu  76- 
83),  and  Ad5  EcoRI-B  (mu  83-100)  fragments.  dl7001  retains  Ad2  sequences  from  map 
position  76  to  78.4,  and  it  is  deleted  of  sequences  from  78.4  to  about  86.  In  terms  of  the 
nucleotide  numbering  for  the  E3  transcription  unit  dl7001  retains  Ad2  sequence  from  nt  -236 
to  362  (See  Cladaras  and  Wold,  1985).  The  deletion  extends  from  nt  362  in  the  Ad2  sequence  to 
nt  3382  in  the  Ad5  sequence  (nt  2437  in  the  Ad2  sequence  corresponds  to  nt  2482  in  the  Ad5 
sequence).  The  total  deletion  is  2,975  bp.  Because  of  this  deletion  there  are  no  authentic  E3 
AUG's  or  polyA  sites. 

pAd.CB-CFTR  was  linearized  by  Nhe  I cleavage  and  cotransfected  with  the  large  fragment  of  Cla 
l-cut  dl7001  DNA  into  293  cells  (a  human  kidney  cell  line  containing  a functional  El  a gene  that 
provides  a trans-acting  El  a protein)  to  allow  homologous  recombination  to  occur,  followed  by 
replication  and  encapsidation  of  recombinant  adenoviral  DNA  into  infectious  virions  and 
formation  of  plaques.  Individual  plaques  were  isolated  and  amplified  in  293  cells,  viral  DNA 
was  isolated,  and  recombinant  adenoviral  plaques  containing  the  human  CFTR  cDNA  were 
identified  by  restriction  cleavage  and  Southern  blot  analysis.  One  of  the  positive  plaques  was 
plaque-purified  a second  time,  and  designated  Ad.CB-CFTR.  This  virus  was  propagated  in  293 
cells  and  recovered  36-40  hr  after  infection  by  3 cycles  of  freeze  thawing.  All  viral 
preparations  were  purified  by  CsCI  density  centrifugation  and  either  followed  by  gel  filtration 
to  remove  CsCI  for  immediate  use  or  stored  at  -20  °C  by  diluting  1 :5  into  a glycerol/BSA 
solution.  Titers  of  viral  stocks  were  determined  by  plaque  assay  using  293  cells. 

IV.C.  Sequence  Analysis  of  Recombinant  Virus 

Ad.CB-CFTR  viral  DNA  has  been  isolated  from  the  purified  viral  preparation  obtained  after  two 
rounds  of  plague  purification.  Selected  areas  of  the  viral  genome  will  be  subjected  to  sequence 
analysis  by  Lark  Sequencing  Technologies,  Inc.  Sequence  determination  will  be  performed  in 
compliance  with  FDA/GLP  procedures. 

Two  areas  of  the  genome  will  be  subjected  to  complete  sequence  analysis  including  1)  the  5'  end 
of  the  genome  spanning  the  5'  ITR,  the  entire  minigene  cassette  including  CMV  enhancer,  p-actin 
promoter,  CFTR  cDNA,  and  a portion  of  E2.  Regions  to  be  sequenced  will  be  subcloned  as 
overlapping  restriction  fragments  into  pBluescript  II  (Stratagene)  and  pGem5Zf  (Promega). 
Nested  deletion  clones  will  be  generated  in  both  directions  for  each  of  the  subclones  using  a 
modified  exolll  SI  nuclease  procedure.  These  deletion  clones  will  be  size  selected  to  provide 
complete  coverage  of  each  strand  and  sequenced  using  the  dideoxynucleotide  termination 
procedure.  Internal  sequencing  primers  will  be  synthesized  and  used  to  close  gaps  between 
contigs  and  to  fill  in  any  single-stranded  regions.  We  are  in  the  process  of  negotiating  a 
contract  with  Lark.  Completion  of  the  project  will  take  approximately  three  months. 


IV.D.  Production  of  Virus 

A critical  part  of  the  safety  aspects  of  this  protocol  relates  to  the  quality  control  and  quality 
assurance  associated  with  recombinant  virus  production.  It  is  critical  to  demonstrate  that  the 
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recombinant  virus  can  be  reproducibly  manufactured  in  a way  that  the  final  product  is  of 
sufficient  therapeutic  quality  and  free  of  replication  competent  virus  or  other  adventitious 
agents. 

Virus  production  is  performed  in  a BL2+  facility  that  is  solely  dedicated  for  purposes  of 
recombinant  adenoviruses.  A schematic  of  the  laboratory  is  provided  in  Figure  18.  Within  this 
laboratory  there  is  a 4 ft  laminar  flow  hood  and  double  stack  incubator  that  is  dedicated  to  the 
production  of  Ad.CB-CFTR.  The  detailed  standard  operating  procedures  for  producing  virus  are 
described  below  as  is  the  strategy  for  assuring  quality  of  the  final  product. 


IV.D.1.  Strategy  and  Standard  Operating  Procedures 


The  overall  strategy  for  the  production  of  Ad.CB-CFTR  for  therapy  is  summarized  in  Figure  18. 
A master  cell  bank  (MCB)  of  293  cells  will  be  established  that  has  been  evaluated  for 
performance,  in  terms  of  production  of  recombinant  adenoviruses,  and  for  the  absence  of  other 
pathogenic  contaminants.  The  MCB  will  be  infected  with  our  initial  Ad.CB-CFTR  virus  to 
generate  a lysate.  Virus  will  be  purified  and  cryopreserved  in  aliquots.  The  lysate  and  purified 
seed  lot  will  be  subjected  to  safety  testing  as  described  in  section  IV.D.2. 


The  MCB  will  be  plated  and  infected  with  the  virus  seed  lot.  Lysates  will  be  harvested  from  the 
infected  cells  and  evaluated  for  sterility  and  mycoplasma  testing.  Virus  will  be  purified  from 
the  lysate,  cryopreserved,  and  lots  will  be  evaluated  as  described  in  section  IV.D.2. 


Production  of  Ad.CB-CFTR 


Thirty  150mm-plates  of  about  90%  confluent  293  cells  were  infected  with  Ad.CB-CFTR  in  10 
ml  of  DM  EM/1  % pen-strep  with  m.o.i.  of  10  for  two  hr.,  then  20  ml  of  DMEM/15%  FBS/1% 
pen-strep  was  added.  36-40  hr  post-infection,  cells  were  harvested,  pelleted,  and  resuspended 
in  10  mM  Tris-CI,  pH8.1.  A viral  lysate  was  generated  by  three  cycles  of  freeze-thawing 
(ethanol-dry  ice  bath/370  C water  bath).  Cell  debris  was  removed  by  centrifugation  for  20 
min  at  3,000  rpm  at  4°  C,  and  washed  once  with  10  mM  Tris-CI,  pH  8.1.  Supernatants  were 
pooled  and  loaded  onto  20  ml  of  CsCI  gradient  made  up  of  each  volumes  of  1 .45g/ml(density)  and 
1.20  g/ml  CsCI  in  10  mM  Tris-CI,  pH  8.1.  Following  a two  hr  spin  at  20,000  rpm  at  4°  C in  a 
SW  28  rotor,  the  adenovirus  band  was  removed  by  puncturing  the  tube  with  a needle,  diluted 
with  an  equal  volumes  of  10  mM  Tris-CI,  pH  8.1,  and  loaded  onto  a new  gradient  (8ml). 
Following  an  overnight  spin  at  20,000  rpm  at  4°  C in  a SW41  rotor,  the  viral  band  was 
removed  and  either  stored  at  -20°  C by  diluting  1:5  into  a glycerol/BSA  solution  (10  mM  Tris- 
CI,  pH8.1 , lOOmM  NaCI,  0.1%BSA,  50%  glycerol)  or  purified  by  gel  filtration  through  a 
Sephadex  G50  column  for  immediate  use.  Viral  yield  was  determined  by  OD260 
(Particles/ml=OD  260*dilutionx1012/ml).  Generally,  a total  of  3x1 01 3 viral  particles  was 
achieved  from  30  plates. 


IV.D.2.  Quality  Assurance  and  Quality  Control 

A four-stage  test  program  has  been  designed  to  assess  the  cell  bank,  product  intermediate  (cell 
lysate)  and  the  purified  product  (virus).  The  293  cells  used  to  produce  the  adenovirus  will  be 
characterized  prior  to  infection  for  possible  microbial,  adventitious  viral  and  select  specific 
human  viral  contaminants.  Testing  of  the  adenovirus  preparation  used  to  infect  the  cells  will 
include  assays  for  microbial  contaminants  and  adventitious  virus.  After  expansion  of  the 
infected  cells,  the  cell  lysate  will  be  evaluated  for  microbial  contaminants.  Product  testing  of 
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the  purified  product  for  endotoxin,  microbial  contaminants,  extraneous  toxins  and  infectious 
adenovirus  completes  the  test  battery.  Each  step  will  be  carefully  tested  for  the  presence  of 
wild  type  adenovirus.  The  majority  of  tests  will  be  performed  by  Microbiological  Associates 
Inc.  (MAI),  an  independent  laboratory  that  has  provided  contract  research  and  safety  assessment 
for  the  pharmaceutical  industry.  A contract  has  been  established  with  MAI  for  this  project. 
Characterization  of  the  MCB  should  be  completed  in  three  months. 

TABLE  ,1 


Process 

Master  Cell  Bank 

Infect  cells  with  adenovirus 

Cell  Lysate 

Purified  Product*- 
Ad.CB-CFTR 

*Bulk  Harvest  and/or  Final  Fill 


Testing 

Characterization  of  the  cell  bank 

Adenovirus  seed  virus  testing 
(adventitious  contaminants) 

Harvest  Testing 

Product  Testing 


Material 


IV.D.2.a  Characterization  of  Master  Cell  Bank  (MCB) 

The  following  tests  will  be  performed  on  aliquots  of  the  Master  Cell  Bank,  these  tests  are  based 
on  the  FDA's  "points  to  consider"  for  use  of  mammalian  cell  lines.  The  MCB  will  be  discarded  if 
any  test  scores  positive. 

Sterility  Test  (Protocol  1514.510  M.A..  Inc.): 

This  test  exceeds  21  CFR  610.12  in  utilizing  three  different  broth  media  and  one  agar  medium 
for  detection  of  both  aerobic  and  anaerobic  bacterial  as  well  as  fungal  contaminants. 

Mycoplasma. (Protocol  1514.1Q20Q3  M.A.,  Inc.): 

This  protocol  reflects  the  1987  "Points  to  Consider"  attachment  and  US  FDA  expectations  as  to 
mycoplasma  testing.  The  study  includes  direct  inoculation  of  test  article  on  two  types  of  agar 
and  in  the  semi-solid  broth  medium.  Broth  inoculated  with  test  article  is  subcultured  at  three 
intervals  and  incubated  aerobically  and  anaerobically.  In  addition  to  the  agar  and  broth 
cultivation,  direct  inoculation  of  the  test  article  on  Vero  indicator  cells  and  staining  with 
Hoechst  stain  permits  microscopic  examination  for  the  presence  of  mycoplasma. 

Electron  Microscopy  (Protocol  1516.013  M.A..  Inc.): 

This  protocol  is  designed  to  evaluate  cell  cultures  for  the  presence  of  virus  by  examination  of 
fixed  cell  pellets  using  transmission  electron  microscopy. 

In  Vitro  Virus  Assay  (Protocol  1514.003  M.A..  Inc.): 

A broad  spectrum  of  viral  contaminants  are  detected  using  an  In  Vitro  Assay  with  sensitive 
indicator  cells.  Indicator  cells,  including  the  test  article  cells,  MRC-5  cell  line,  and  Vero  cells. 
Test  procedures  include  direct  inoculation  of  test  article  as  well  as  blind  passage  of  supernatant 
fluids  at  14  days.  Indicator  cells  are  observed  for  cytopathic  effect  for  the  entire  28  day  period. 
Hemagglutination  and  hemadsobtion  are  performed  twice  during  the  assay. 
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In  Vivo  Virus  Assay  (Protocol  1514.005002  M.A..  Inc.): 

This  test  includes  the  inoculation  of  adult  mice,  suckling  mice,  guinea  pigs  and  embryonated 
hens  eggs  via  yolk  sack  and  allantoic  routes  of  inoculation.  All  animals  are  observed  for  clinical 
signs  of  viral  infection.  Suckling  mice  are  sacrificed  on  day  14  for  the  preparation  of  a tissue 
homogenate  which  is  inoculated  into  a new  group  of  suckling  mice.  Specific  Pathogen  Free 
(SPF)  eggs  are  examined  for  viability  and  the  blind  passage  of  fluids  into  new  eggs  is  performed. 

Karyology  Assay  (Protocol  1516.018  M.A..  Inc.): 

This  test  is  designed  to  confirm  the  species  identity  of  cultured  cells  by  means  of  isozyme  and 
cytogenetic  analysis. 

Tumorigenicity  Assay  (Protocol  1514.001  M.A..  Inc.): 

This  study  utilizes  athymic  nude  mice  which  are  inoculated  subcutaneously  with  cells.  Animals 
are  observed  for  clinical  signs,  palpated  bi-weekly,  and  submitted  for  histopathology  evaluation 
of  multiple  tissues.  Any  animal  which  shows  a regressing  nodule  is  sacrificed  and  submitted  for 
histopathological  examination. 

EBV  Probe  Assay  (Protocol  1516.104  M.A..  Inc.l: 

The  purpose  of  this  study  is  to  detect  EBV  DNA  that  may  be  present  in  the  test  article  as 
determined  by  Southern  hybridization  using  a labeled  DNA  probe.  DNA  is  extracted  from  the  test 
article  cell  pellet  and  blotted  onto  membranes.  Blotted  membranes  are  hybridized  to  a labeled 
EBV  probe  and  detected  by  autoradiography.  DNA  from  Namalwa  cells  are  included  as  a positive 
control. 

Cytomegalovirus  (Protocol  1514.030  M.A..  Inc.l: 

The  test  and  control  articles  are  directly  inoculated  onto  cell  cultures  (indicator  cells)  and 
examined  for  42  days  for  the  appearance  of  cytopathic  effect.  Additionally,  cells  are  fixed  and 
examined  using  immunofluorescent  techniques. 

HIV  Co-cultivation  Assay  (Protocol  1516.015001  M.A..  Inc.): 

This  procedure  is  designed  to  detect  small  amounts  of  retrovirus  that  may  be  present  in  the  test 
article.  To  amplify  any  virus  present,  selected  Peripheral  Blood  Lymphocytes  (PBL)  cells  are 
infected,  mixed  with  test  article,  passaged  and  analyzed  for  HIV  by  observing  for  cytopathic 
effect  (CPE)  and  production  of  viral  antigens  by  antigen  capture  ELISA. 

Bovine  Virus  Assay  (Protocol  1514.032001  M.A..  Inc.): 

This  study  is  designed  to  detect  bovine  viruses  such  as  Bovine  Viral  Diarrhea  Virus  (BVD), 
Infectious  Bovine  Rhinotracheitis  Virus  (IBR),  Parainfluenza  3 (PI  3),  Bovine  Adenovirus 
(BA),  or  Bovine  Parvovirus  (BP)  using  sensitive  indicator  cells  and  immunofluorescence  and 
cytopathic  effect  (CPE)  as  endpoints. 

Hepatitis  B (Protocol  1516.040  M.A..  Inc.): 

This  procedure  is  designed  to  detect  small  amounts  of  Hepatitis  B surface  antigen  that  may  be 
present  in  the  test  article  which  would  be  detected  by  a third  generation  ELISA  assay. 

Porcine  Parvovirus  (Protocol  1514.033004  M.A..  Inc.h 

This  assay  is  designed  to  detect  Porcine  Parvovirus  (PPV)  in  cell  cultures.  Test  and  control 
articles  are  analyzed  by  inoculation  of  indicator  cell  cultures  and  examined  for  at  least  14  days 
for  the  presence  of  CPE.  Cultures  are  also  tested  for  the  presence  of  specific  viral  antigens 
using  fluorescent  antibody  techniques. 
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Adeno-Associated  Virus  Hybridization  (Protocol  1516.104016  M,A»,  IncJ: 

This  assay  detects  adeno-associated  virus  DNA  present  in  the  test  article  as  determined  by 
Southern  hybridization  using  a 32P  labeled  DNA  probe. 

Parvovirus  B-19  Hybridization  (Protocol  1516.104017  M.A..  Inc.): 

This  protocol  is  designed  to  detect  parvovirus  B-19  DNA  that  may  be  present  using  Southern 
hybridization  with  a 32P  labeled  DNA  probe. 

Replication  Competent-Adenovirus  Assay  (Protocol  1514.031002  MA.  incJ: 

This  assay  is  designed  to  detect  the  presence  of  human  adenovirus  in  the  test  article.  Indicator 
cell  cultures  are  inoculated  and  observed  periodically  for  CPE,  a passage  is  performed  for 
enhancement. 


IV.D.2.b  Characterization  of  adenovirus  seed  Lot 

Each  seed  lot  will  be  prepared,  cryoperserved  and  aliquots  evaluated  according  to  the  following 
criteria: 

•Mycoplasma  (M.A.,  lnc.)-see  above 
•Sterility  (M.A.,  lnc.)-see  above 
•In  vitro  virus  (M.A.,  lnc.)-see  above 
•Adeno-associated  virus  (M.A.,  lnc.)-see  above 
•Parvovirus  B-19  hybridization  (M.A.,  lnc.)-see  above 
•Electron  microscopy  (M.A.,  lnc.)-see  above 

•Replication  competent  Ad5-please  see  description  of  assays  in  section  IV.D.2.e 
•Presence  of  functional  Ad.CB-CFTR-see  description  of  assay  in  section  IV.D.2.e 


IV.D.2.C  Characterization  of  cell  lysate 

Each  preparation  of  cell  lysate  will  be  pooled  and  aliquots  will  be  evaluated  for  mycoplasma  and 
sterility  (see  above  for  descriptions)  before  virus  is  purified.  Any  lysate  demonstrating 
contamination  will  be  discarded. 


IV.D.2.d  Characterization  of  purified  lots  of  Ad.CB-CFTR  for  therapy 

Aliquots  of  each  lot  will  be  subjected  to  the  following  tests  before  use: 

•Sterility  (M.A.,  lnc.)-see  above 

•General  Safety  (Protocol  1514.509  M.A.,  Inc.): 

This  assay  is  designed  to  detect  extraneous  toxic  contaminants.  Guinea  pigs  and  mice 
are  inoculated  with  test  material  and  observed  for  overt  signs  of  ill-health  or 
unusual  response. 
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•Limulus  Amebocyte  Lysate  (LAL)  (Protocol  SPGT332070  M.A.,  Inc.): 

The  purpose  of  this  study  is  to  detect  and  quantitatively  determine  the  gram  negative 
bacterial  endotoxin  level  of  a test  article  or  extract  using  the  Limulus  Amebocyte 
Lysate  (LAL)  gel-clot  method  for  testing. 

•Replication  Competent  Ad5-please  see  description  of  assays  in  section  IV.D.2.e 

•Presence  and  quantity  of  functional  Ad.CB-CFTR-see  description  of  assay  in  section 
IV.D.2.C 


IV.D.2.e  Assays  for  functional  CFTR  virus  and  contaminating  wild  type  Ad5  virus 

The  final  preparation  of  purified  Ad.CB-CFTR  virus  will  be  evaluated  for  the  presence  and 
concentration  of  virions  capable  of  transducing  CF  defect.  The  total  particle  number  will  be 
determined  by  measurement  of  the  absorbance  at  260nm.  An  aliquot  of  the  virus  preparation 
will  be  diluted  serially  and  used  to  infect  both  293  cells  and  the  cell  line  CFPAC  which  was 
derived  from  a pancreatic  adenocarcinoma  of  a patient  with  cystic  fibrosis.  The  infected  293 
cells  will  be  evaluated  for  El  transcomplementing  virus  using  the  previously  described  plaque 
forming  assay.  The  infected  CFPAC  cells  will  be  evaluated  for  CFTR  protein  expression  by 
immunocytochemistry  and  correction  of  cAMP  mediated  chloride  transport  using  SPQ  assay. 
Descriptions  of  these  assays  are  provided  in  section  II.B.3. 

Several  experiments  will  be  performed  to  evaluate  the  virus  preparations  for  contamination 
with  wild  type  adenoviruses.  The  presence  of  wild  type  adenoviruses  in  the  293  cell  line  will 
be  evaluated  by  M.A.,  Inc.  using  a standard  assay  in  which  a variety  of  indicator  cell  lines  are 
exposed  to  293  supernatants,  passaged,  and  inspected  for  cytopathic  effects. 

Detection  and  quantitation  of  low  level  wild  type  adenovirus  in  high  titer  preparations  of  the 
recombinant  Ad.CB-CFTR  virus  is  confounded  by  the  observation  that  El  deleted  viruses  will 
cause  cytopathic  effects  (CPE)  in  non  El  expressing  cells,  such  as  HELA  cells  infected  at  high 
MOI's.  Mechanism(s)  for  this  relate  to  the  direct  toxic  effect  of  high  concentrations  of  viral 
proteins  such  as  fiber  and  the  possibility  of  low  level  viral  replication  of  El  deleted  virus  at 
high  MOI.  We  find  it  necessary  to  dilute  the  concentrated  stock  at  least  100  to  1000  fold  to 
avoid  CPE  in  most  indicator  cell  lines.  Two  types  of  assays  will  be  performed.  A typical  virus 
preparation  contains  5 x 1012  particles/ml  based  on  OD  at  260  nm  and  ~1011  functional 
virions/ml  based  on  pfu  or  assays  that  measure  CFTR  protein  expression 
(immunocytochemistry  or  SPQ  functional  analyses).  The  first  assay  is  based  on  the  ability  of 
wild  type  Ad  (but  not  El  deleted  Ad)  to  replicate  in  nonEI  expressing  cell  lines.  An  aliquot  of 
each  preparation  representing  5%  of  the  total  will  be  diluted  and  exposed  to  a variety  of 
indicator  cell  lines.  The  cells  are  passaged  for  2 weeks  to  allow  spead  of  wild  type  virus  and 
subsequently  examined  for  CPE.  Specifically,  for  each  ml  of  stock,  5 pi  is  removed,  diluted  and 
exposed  to  10  x 15  cm  plates  of  confluent  indicator  cells.  Preliminary  results  with  purified 
preps  of  recombinant  viruses  have  failed  to  demonstrate  CPE  under  these  conditions.  The 
sensitivity  of  the  assay  is  currently  being  defined  in  reconstitution  experiments. 

Another  assay  has  been  developed  to  detect  and  quantify  wild  type  Ad5  in  the  stocks  of 
recombinant  virus.  The  potential  sources  of  wild  type  Ad5  are  contamination  from  the  initial 
transfection  or  recombination  with  Ad5  sequences  originally  transfected  into  the  293  cells.  The 
assay  is  based  on  PCR  detection  of  El  sequences  in  DNA  isolated  from  the  stock  of  recombinant 
virus.  Figure  20  shows  an  agarose  gel  of  PCR  products  in  which  125  ng  of  total  cellular  DNA 
was  supplemented  with  varying  amounts  of  wild  type  Ad  viral  DNA  (from  100,000  to  0.1  copies 
of  Ad5  per  reaction).  Amplification  for  35  cycles  afforded  a sensitivity  equal  to  100  viral 
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molecules/reaction  (panel  A).  However,  when  the  initial  reaction  products  were  used  as  a 
template  for  another  35  cycles  of  amplification  using  nested  primers,  the  sensitivity  was 
improved  to  1 viral  molecule/reaction  (panel  B).  DNA  will  be  isolated  from  a five  percent  of 
each  viral  stock  and  subjected  to  the  PCR  analysis.  Five  percent  of  a 2 ml  viral  stock  should 
yield  2-20  mg  of  DNA  which  can  be  analyzed  in  4 to  40  reaction  tubes. 


V.  Overall  Assessment  of  Risks  versus  Benefits 

VA  Risks  to  human  subjects 
V.A.1  Blood  draws. 

a)  Localized  hematoma  at  the  puncture  site  - appropriate  pressure  will  be  applied  to  the 
puncture  site  to  prevent  this  common  complication;  Vaso-vagal  faint  - patients  will  be  asked  to 
report  any  symptoms  of  lightheadedness  or  circomoral  tingling  which  may  precede  a vaso-vagal 
episode;  those  individuals  experiencing  such  symptoms  will  be  kept  in  a recumbent  position 
until  this  temporary  reaction  abates,  b)  If  the  above  precautions  are  taken,  the  potential  risk  to 
blood  donors  is  negligible. 


V.A.2  Bronchoscopy. 

A minor  discomfort  that  is  associated  with  the  urge  to  cough  occurs  when  saline  solution  is 
injected.  Pneumothorax  resulting  from  rupture  of  alveolar  tissues  allowing  air  to  enter  the 
pleural  space,  causing  partial  collapse  of  the  lung.  This  complication,  though  potentially 
serious,  occurs  rarely  when  the  procedure  is  performed  by  experienced  personnel. 
Pneumothorax  occurs  in  0.5-2%  of  cases,  although  only  1/3  to  1/2  of  bronchoscopies 
associated  with  pneumothoraces  require  placement  of  a thoracostomy  tube.  In  the  remaining 
cases  spontaneous  resolution  of  the  pneumothorax  occurs  and  no  intervention  is  necessary.  Our 
experience  during  a 2 year  study  in  1988-1990  at  the  University  of  Michigan  hospital  has 
corroborated  a low  incidence  of  pneumothorax.  During  those  years  we  have  performed  773 
bronchoscopies;  6 pneumothoraces  not  requiring  a thoracostomy  tube  have  occurred  and  6 
pneumothoraces  requiring  a thoracostomy  tube  have  been  reported  for  a total  incidence  of  1 .5%. 
Bronchoscopy  is  performed  in  a hospital  setting  with  all  provisions  for  emergency  treatment  if 
the  need  should  arise.  Mucosal  inflammation  can  occur  when  the  bronchoscope  is  wedged  into  the 
bronchus.  No  clinically  important  consequences  have  occurred.  Bleeding  can  occur  following 
transbronchial  biopsies.  The  incidence  of  moderate  or  severe  bleeding  following  transbronchial 
biopsy  is  <1%  when  normal  hemostasis  is  present.  Serious  bleeding  resulting  in  the  need  for 
transfusion,  acute  respiratory  decompensation  or  fatality  have  been  exceedingly  rare  and  have 
usually  been  confined  to  patients  with  underlying  coagulopathy  or  in  the  setting  of  hematologic 
malignancies  with  thrombocytopenia.  4 of  773  bronchoscopies  resulted  in  bleeding  which  was 
serious  enough  to  require  hospital  admission.  In  no  instances  was  transfusion  required  or  did 
respiratory  decompensation  occur.  An  important  question  relates  to  the  relevance  of  our 
experience  with  bronchoscopy  in  the  general  population  to  bronchoscopy  in  a cystic  fibrosis 
population.  Dr.  Robert  Fick  at  the  University  of  Iowa  (now  at  Genentech)  has  performed 
bronchoscopy  on  over  50  cystic  fibrosis  patients.  He  found  no  greater  risk  of  major 
complications  as  compared  to  similar  procedures  performed  on  100  non  cystic  fibrosis 
patients.  He  did  see  a higher  incidence  of  postprocedure  fever  (incidence  approximately  20%) 
and  infiltrate  (5%)  in  the  cystic  fibrosis  group.  Review  of  the  literature  indicates  that 
bronchoscopy  is  a generally  accepted  investigational  procedure  in  protocols  involving  patients 
with  cystic  fibrosis.  We  have  located  10  published  studies  form  6 independent  groups  in  which 
investigational  bronchoscopy  was  used  in  a total  of  105  patients  (Wood  et  al.,  1975;  Fick  et  al., 
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1986  a and  b;  Berger  et  al,  1989;  Wilmott  et  al.,  1990;  McElvaney  et  al.,  1991;  Meyer  et  al., 
1919;  Trapnell  et  al.,  1991;  and  Nakamura  et  al,  1992). 

V.A.3  Infusion  of  recombinant  adenoviruses.  Toxicity  due  to  the  adenovirus  can  be  caused  by 
several  mechanisms. 


V.A.3.a  Ectopic  or  overexpression  of  CFTR. 

We  have  performed  a series  of  studies  in  animals  to  address  these  issues.  The  most  compelling 
experiments  involved  the  generation  of  transgenic  mice  that  had  been  programmed  to  express 
high  levels  of  human  CFTR  in  the  airway.  One  set  of  animals  expressed  CFTR  from  a promoter  of 
the  SPC  gene  that  is  very  active  in  the  distal  airway  including  the  alveolar  cells  and  the  distal 
bronchiolar  cells.  Another  set  of  animals  expressed  CFTR  from  a promoter  of  the  CC10  gene 
that  is  very  active  in  most  of  the  cells  of  the  proximal  airway.  All  of  the  transgenic  lines 
expressed  high  levels  of  human  CFTR  protein  (which  is  active  in  mouse  cells)  in  the 
appropriate  cells  and  none  of  them  demonstrated  pathology  or  clinical  abnormalities.  This 
suggests  that  expression  of  recombinant  CFTR  in  the  wrong  cell  or  unregulated,  overexpression 
in  the  correct  cell  will  not  be  deleterious. 


V.A.3.b  Replication  of  the  virus  and  expression  of  viral  proteins. 

The  virus  has  been  engineered  in  a way  that  the  region  responsible  for  activating  its 
transcriptional  units,  called  El,  has  been  deleted.  In  principal,  therefore,  the  recombinant 
genome  should  not  replicate  or  express  viral  proteins  in  the  recipient  cell.  In  practice,  certain 
cell  types  under  special  conditions  can  transactivate  the  viral  genes  using  endogenous  cellular 
factors. 

We  have  established  a model  of  the  CF  airway  that  is  based  on  the  growth  of  human  airway 
xenografts  in  nu/nu  mice  to  better  address  these  important  issues  in  a relevant  biological 
setting.  This  model  was  used  to  evaluate  the  possibility  of  viral  protein  expression  and 
replication  of  the  El  deleted  CFTR  virus  in  the  context  of  a human  CF  epithelium.  These  studies 
failed  to  detect  viral  protein  expression  or  ongoing  replication  of  the  virus  in  human  xenografts 
that  were  stably  expressing  the  recombinant  gene.  Any  replication  and  spread  of  the  virus  in 
this  model  would  rapidly  disseminate  throughout  the  xenograft  because  it  could  not  be  contained 
by  the  immune  system,  which  is  absent  in  these  nu/nu  mice.  We  believe  therefore  that  this  is 
an  extremely  stringent  test  for  viral  protein  expression  and  replication.  The  MOI  we  have 
selected  to  use  in  vivo  in  this  study  is  estimated  to  be  far  below  that  required  to  cause  cytopathic 
effects  in  vitro  based  on  transactivation  of  the  El  deleted  genome  by  cellular  factors.  The 
xenograft  experiments  have  now  been  performed  with  cells  derived  from  both  cystic  fibrosis 
and  non  cystic  fibrosis  patients  with  similar  results,  arguing  against  increased  virulence  of  the 
virus  in  the  relevant  biological  setting  of  a deficiency  of  CFTR.  Our  recent  studies  using  non- 
human primates  confirm  the  relative  safety  of  this  approach  to  airway  directed  gene  transfer. 
Animals  exposed  to  high  concentration  of  recombinant  adenoviruses  had  no  significant  gross  or 
histopathology. 

It  is  important  to  consider  the  consequences  of  the  unexpected  dissemination  of  the  recombinant 
virus  or  a replication  competent  derivative.  Previous  experience  with  adenoviruses  in  humans 
suggests  that  they  are  relatively  benign.  Adenoviruses  are  endemic  in  the  population  causing  a 
variety  of  self  limited  infections.  Infection  with  Ad5  causes  mild  respiratory  infections 
characterized  by  Coryza,  pharyngitis,  fever,  malaise,  and  tonsillitis.  The  relative  safety  of 
adenoviruses  was  evaluated  in  a series  of  experiments,  performed  in  the  late  1960's  and  early 
1970's,  in  which  volunteers  were  exposed  via  the  respiratory  tract  to  wild  types  forms  of 
adenoviruses  including  the  serotype  used  in  this  study  (Ad5).  For  example,  in  a study  by  Couch 
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et  al.  normal  adult  volunteers  were  immunized  to  Ad5  capsid  antigens  and  subsequently  exposed 
to  an  inoculum  of  live  Ad5  into  the  respiratory  tract.  Ten  of  19  individuals  who  received  a 
placebo  immunization  and  subsequently  live  Ad5  had  a self  limited  febrile  illness  characterized 
by  fever  and  moderate  pharyngitis.  No  significant  untoward  effects  were  noted. 

An  additional  consideration  relates  to  the  malignant  potential  of  these  gene  transfer  reagents.  In 
contrast  to  retroviruses  which  integrate  into  the  genome,  adenoviruses  are  maintained  in  the 
genome  as  extrachromosomal  elements  which  theoretically  cannot  cause  a secondary  malignancy 
due  to  insertional  mutagenesis.  In  support  of  this  is  the  fact  that  no  human  malignancy  has  been 
directly  linked  to  adenoviruses. 

Psychological  and  social  implications.  It  is  likely  that  the  initiation  of  these  experiments  will 
be  associated  with  tremendous  attention  by  the  media.  We  will  follow  a strict  code  of 
confidentiality  as  mandated  by  the  RAC  and  inform  the  patients  of  this  potential  problem. 


V.B.  Risks  to  others 

The  only  potential  risk  to  others  is  the  possibility  that  the  recombinant  virus  could  be 
transmitted  to  another  individual,  take  up  residence,  and  cause  disease.  We  believe  this  is 
highly  unlikely  for  a variety  of  reasons. 

One  very  important  aspect  of  this  scenario  relates  to  the  likelihood  that  transmission  of  Ad.CB- 
lacZ  will  cause  disease.  We  obviously  do  not  think  this  is  likely  based  on  the  fact  that  we  are 
proposing  to  use  it  therapeutically.  Toxicity  could  be  due  to  one  of  two  mechanisms:  expression 
of  CFTR  or  pathology  due  to  the  inherent  proporties  of  Ad5.  As  we  argued  above,  ectopic  or 
unregulated  overexpression  of  CFTR  does  not  appear  to  be  toxic.  Furthermore,  pathology  of  the 
recombinant  due  to  its  properties  as  an  infectious  virus  is  unlikely  because  all  patients  will 
have  had  previous  immunity  to  the  virus  and  the  recombinant  should  have  a tremendous  growth 
disadvantage  due  to  the  deletion  of  El . 

Another  possibility  is  that  the  Ad.CB-CFTR  will  undergoe  a recombination  with  homologous  wild 
type  Ad  to  form  a more  toxic  structure.  As  demonstrated  below  the  most  likely  recombination 
will  be  between  the  large  stretch  of  homology  3'  to  the  CFTR  minigene.  This  will  form  two 
recombinants:  one  containing  the  CFTR  minigene  with  E3  sequences  (this  exceeds  the  wild  type 
genome  size;  our  attempts  to  actually  make  this  virus  have  failed  because  it  cannot  be  packaged) 
and  a wild-type  hybrid  genome  missing  E3  sequences  (there  is  no  reason  to  expect  this  to  be 
more  pathogenic  than  either  parent). 


E3  deletion 
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The  next  consideration  relates  to  the  probability  that  the  Ad.CB-CFTR  virus  can  replicate, 
spread  and  be  transmitted.  We  believe  that  this  will  be  unlikely  based  on  our  xenograft 
experiments  which  failed  to  recover  any  recombinant  virus  from  the  lumen  within  7-10  days 
after  exposure  to  titers  of  virus  which  will  exceed  that  administered  to  the  patients  by  100  to 
1000-fold.  In  order  to  assure  that  this  does  not  occur  we  will  keep  the  patients  in  isolation  for 
a period  of  10  days  following  the  treatment.  The  patient's  nasal  swabs  and  sputum  will  be 
evaluated  for  Ad.CB-CFTR  sequences  before  discharge.  If  there  is  evidence  of  ongoing  spread  the 
patient  will  be  asked  to  stay  in  the  hospital  for  additional  days.  We  think  this  will  be  extremely 
unlikely.  The  other  possible  situation  that  could  lead  to  spread  is  if  the  patient  becomes 
superinfected  with  a homologous  wild  type  virus  which  mobilizes  the  recombinant  genome.  It  is 
impossible  for  this  to  occur  through  the  generation  of  a replication  competent  virus  containing 
the  minigene  due  to  size  limitaions  of  packaging.  The  spread  of  the  genome  would  have  to  occur 
by  adenoviral  functions  provided  in  trans.  We  think  this  is  highly  unlikely  and  should  not 
prevent  the  study.  In  order  to  address  this  potential  concern  we  will  work  with  the  referring 
physician  to  be  particulary  cognizant  of  signs  ans  symptoms  characteristic  of  adenoviral 
infections  and  will  continue  to  survey  nasal  swabs  for  Ad.CB-CFTR  sequences  using  the  PCR 
assay. 


VC  Potential  Benefits. 

This  is  a phase  I study  so  there  will  be  no  actual  benefits  to  the  patients  involved  in  the 
experimental  protocol.  This  study  could  have  enormous  benefit  to  the  larger  community  of  CF 
patients  for  a variety  of  reasons.  Despite  tremendous  investment  of  resources  by  the 
pharmaceutical  industry,  management  of  the  pulmonary  complications  of  CF  is  inadequate; 
patients  eventually  succumb  to  these  complications  by  the  age  of  thirty.  The  information  gained 
in  this  study  will  provide  information  that  is  critical  to  the  eventual  development  of  effective 
treatments  of  the  lung  disease  of  CF  by  gene  therapy.  We  hope  to  evaluate  the  overall  safety  of 
this  approach  as  well  as  to  assess  the  feasibility  of  obtaining  genetic  reconstitution  that  is 
therapeutic  and  stable.  We  do  not  believe  that  this  trial  will  actually  be  therapeutic  to  the 
patient  because  the  therapy  will  be  administered  to  such  as  small  surface  area  of  the  airway. 
For  this  very  reason,  it  is  felt  that  the  procedure  will  not  compromise  pulmonary  function  if 
deleterious  to  the  segment. 

We  consider  this  an  extremely  important  study  with  respect  to  evaluating  the  potential  use  of 
recombinant  adenoviruses  in  the  treatment  of  cystic  fibrosis.  We  would  consider  this  a 
successful  experiment  if  we  can  answer  the  critical  questions  addressing  the  safety  and  efficacy 
of  this  approach  to  gene  therapy  in  cystic  fibrosis.  However,  based  on  our  extensive  work  in 
animal  models  were  believe  there  is  a reasonable  chance  that  the  study  will  show  recombinant 
adenoviruses  are  capable  of  safely  transferring  recombinant  CFTR  genes  to  the  cystic  fibrosis 
airway  and  that  the  genes  function  for  a prolonged  period  of  time. 

An  important  barrier  to  gene  transfer  into  the  surface  epithelium  of  the  airway  is  that  the  cells 
are  relatively  quiescent  with  approximately  0.1%  of  the  cells  going  through  the  cell  cycle  at 
any  one  time.  For  this  reason,  approaches  to  gene  therapy  which  depend  on  integration  of  the 
transgene  into  the  recipient  cell's  chromosome,  such  as  recombinant  retroviruses,  will  not  be 
effective.  Recombinant  adenoviruses  have  the  capability  of  transducing  genes  into  nondividing 
cells  and  maintaining  the  transgene  as  an  extrachromosomal  element.  We  have  used  the  human 
xenograft  system  to  evaluate  the  stability  of  adenoviral  mediated  recombinant  gene  expression. 
We  have  found  that  recombinant  adenoviruses  are  capable  of  efficiently  transferring  genes  into 
nondividing  fully  differentiated  cells  of  the  surface  epithelium  and  that  the  recombinant  gene 
expression  is  stable  for  the  longevity  of  the  grafts  which  is  approximately  4 weeks. 
Furthermore  this  occurs  in  the  absence  of  viral  protein  expression  or  detectable  viral 
replication.  Presuming  the  viral  genome  is  stable  in  the  cell,  the  persistence  of  recombinant 
gene  expression  becomes  dependent  on  the  lifespan  of  the  cell.  As  described  above  the  cells  of  the 
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surface  epithelium  have  a relatively  long  life  span  and  xenograft  experiments  have 
demonstrated  gene  transfer  into  all  cell  types  that  line  the  lumen  of  the  airway. 
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Vll.TVie  University  of  Michigan  Medical  Center 

INFORMED  CONSENT  FOR  EXPERIMENTAL  PROCEDURE 

(Version  January  1992) 


1 . Title  of  research  project 

Gene  Therapy  of  Cystic  Fibrosis  Lung  Disease  Using  El  Deleted  Adenoviruses:  A Phase  I 
Study 

2 . Names  of  the  researchers 

James  M.  Wilson,  M.D.,  Ph.D. 

Richard  H Simon,  M.D. 

John  Engelhardt,  Ph.D. 

Yiping  Yang,  M.D. 

Mariann  Grossman,  B.S. 

Francis  S.  Collins,  M.D.,  Ph.D. 

James  R.  Baker,  Jr.,  M.D. 

3 . Purpose  of  the  research 

The  purpose  of  this  study  is  to  determine  if  it  is  possible  to  correct  the  abnormality  in  the 
lungs  of  patients  with  cystic  fibrosis.  Patients  with  this  disease  have  abnormalities  in  a 
gene  that  is  normally  responsible  for  transporting  salt  across  cells.  Abnormal  salt 
transport  in  the  lung  leads  to  accumulations  of  thick  sticky  mucus  that  obstructs  the 
airway  passages. 

You  have  been  asked  to  participate  in  this  study  because  you  have  the  disease,  cystic 
fibrosis.  We  will  attempt  to  correct  the  defective  function  in  your  lung  cells  by  adding  to 
your  airways  the  gene  that  produces  the  normal  cystic  fibrosis  protein.  The  gene  will  be 
added  to  a small  area  of  your  lung  called  a segment  using  a virus  to  transport  the  virus  into 
the  airway  cells.  This  study  will  help  us  determine  the  feasibility  and  safety  of  this 
approach  for  treating  lung  disease  in  patients  with  cystic  fibrosis. 

4 . Number  of  subjects  included  in  the  study 

Ten  subjects  will  be  recruited  for  the  study  from  Cystic  Fibrosis  Centers  in  Michigan, 
Ohio,  and  Indiana.  If  more  eligible  subjects  wish  to  participate  than  can  be  accommodated 
in  the  study,  those  who  live  closest  to  the  University  of  Michigan  Medical  Center  will  be 
enrolled. 

5 . Description  of  the  experiments 

1 . Pre-gene  therapy  evaluation.  You  will  be  evaluated  to  determine  if  you  are  a 
suitable  subject  to  participate  in  the  gene  therapy  study.  This  will  involve  your  giving  a 
detailed  medical  history  and  having  a complete  physical  examination.  Blood  and  urine  tests 
will  be  done  to  detect  any  unsuspected  problems  that  might  complicate  the  investigation. 
Blood  will  be  drawn  by  needle  from  an  artery  to  measure  blood  gases  and  from  a vein  to 
check  blood  counts,  liver  function,  kidney  function,  and  other  organ  functions.  Chest  x- 
rays  and  high  resolution  computed  tomography  of  the  chest  will  be  done  to  evaluate  the 
condition  of  your  lungs.  You  will  perform  pulmonary  function  tests  as  well. 

2.  Administering  the  gene  to  the  lung.  Bronchoscopy  will  be  used  to  administer  the 
virus  that  contains  the  cystic  fibrosis  gene  to  one  part  of  your  lung.  To  prepare  you  for 
bronchoscopy,  you  will  not  eat  or  drink  anything  for  6 hours  before  the  procedure. 
Through  a needle  in  your  vein,  you  will  be  given  two  medicines  (glycopyrrolate  and 
meperidine)  to  keep  your  heart  beat  at  a steady  rate,  to  relax  you,  and  to  temporarily 
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suppress  your  cough.  You  will  be  asked  to  gargle  a local  anesthetic  (lidocaine)  which  will 
numb  your  mouth  and  throat.  Next,  lidocaine  will  be  sprayed  to  further  numb  the  back  of 
your  throat  and  your  voice  box.  While  lying  down,  a medicine  (midazolam)  will  be  given 
through  the  needle  in  your  vein  which  will  make  you  very  sleepy.  The  bronchoscope, 
which  is  a flexible  tube  smaller  in  diameter  than  your  little  finger,  will  be  placed  through 
your  nose  or  mouth  and  down  your  windpipe.  Your  windpipe  is  much  larger  than  the 
bronchoscope  so  you  will  be  able  to  breathe  around  it  without  difficulty.  Lidocaine  will  be 
sprayed  into  your  windpipe  and  airways  through  the  bronchoscope  to  numb  your  airways 
and  reduce  your  coughing.  If  during  the  bronchoscopy  you  become  more  awake  and 
experience  discomfort,  more  sedative  (midazolam)  will  be  given.  To  administer  the  virus 
containing  the  normal  cystic  fibrosis  gene,  the  bronchoscope  will  be  directed  toward  one 
segment  of  the  lung.  The  airway  will  be  cleared  of  secretions  by  suctioning  through  the 
bronchoscope.  A small  tube  will  be  inserted  through  a channel  in  the  bronchoscope  and 
positioned  in  the  desired  airway.  The  virus  will  be  instilled  and  the  airway  to  that 
segment  will  be  temporarily  plugged  by  the  bronchoscope  for  up  to  30  minutes. 
Afterward,  the  bronchoscope  will  be  removed.  You  will  be  asked  to  lie  quietly  for  30 
minutes.  After  another  two  hours  you  will  be  able  to  eat  and  drink  normally.  During  the 
bronchoscopy,  your  heart  rate  and  oxygen  level  in  your  blood  will  be  measured 
continuously.  Your  blood  pressure  will  be  measured  every  several  minutes.  A chest  xray 
will  be  taken  afterward  to  check  for  any  problems. 

3.  Post-gene  therapy  monitoring.  After  the  bronchoscopy,  you  will  remain  in  the 
hospital  for  10-14  days.  During  this  time  you  will  be  monitored  for  any  complications  of 
the  tests.  This  will  be  done  by  asking  you  repeatedly  about  any  change  in  symptoms,  by 
physical  exams,  by  blood  tests,  by  pulmonary  function  tests,  by  chest  x-rays  and  by  high 
resolution  computed  tomography  of  the  chest.  You  will  be  tested  to  see  if  any  virus  can  be 
found  in  your  nose,  sputum,  blood,  urine,  or  stools.  After  discharge  from  the  hospital,  you 
will  be  seen  weekly  in  the  outpatient  clinic  for  3 months. 

4.  Follow-up  bronchoscopies  to  test  for  the  safety  and  effectiveness  of  the  gene  therapy. 
A repeat  bronchoscopy  will  be  done  during  the  first  week  after  gene  therapy,  and  again 
after  6 weeks  and  3 months.  For  these  tests,  you  will  be  prepared  for  the  bronchoscopy 
the  same  as  above.  The  bronchoscope  will  be  introduced  into  the  airway  as  before.  A small 
amount  of  fluid  will  be  injected  and  sucked  out  of  the  airway  where  the  virus  was  instilled. 
The  same  will  be  done  in  a similar  airway  in  the  other  lung.  A small  brush  on  a wire  will 
be  placed  through  the  bronchoscope  and  the  wall  of  the  airway  will  be  gently  brushed  to 
remove  a small  number  of  the  lining  cells.  Finally,  a small  pinchers  on  a wire  will  be 
placed  into  the  bronchoscope  and  6 small  pieces  of  lung  tissue  (each  the  size  of  a grain  of 
rice)  will  be  removed  from  the  lung.  Because  there  are  no  pain  nerves  in  the  lung  tissue, 
taking  the  pieces  of  lung  will  not  hurt. 

5.  Need  for  long  term  follow-up.  Because  gene  therapy  is  a very  new  form  of 
treatment,  the  long  term  effects  are  not  known.  To  gain  the  most  information  and  to 
provide  the  greatest  safety,  periodic  evaluations  will  be  needed.  Your  agreement  to 
participate  in  the  study  means  that  you  recognize  the  need  for  a prolonged  relationship 
with  the  study  and  appreciate  the  need  for  continued  evaluations.  This  will  entail  annual 
evaluations  that  include  history,  physical  examination,  chest  xray,  and  routine  blood  tests. 

6.  Consent  for  autopsy.  To  fully  evaluate  the  effects  and  safety  of  gene  therapy,  it  will 
be  necessary  to  obtain  as  much  information  as  possible.  In  the  eventual  occurrence  of 
your  death,  evaluation  of  your  lungs  and  other  organs  will  be  a very  valuable  method  to  see 
the  full  effects  of  gene  therapy.  Therefore  your  participation  in  this  study  means  that  you 
agree  to  an  autopsy.  This  agreement  must  also  be  known  by  your  next  of  kin  so  that  person 
can  follow  with  your  wishes. 
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6. 


Risks,  discomforts  and  Inconveniences  of  the  research 

1 . Blood  tests.  During  the  entire  3 month  period  of  the  study,  less  than  1 unit  (1  pint) 
of  blood  will  be  drawn  for  tests.  You  may  develop  a bruise  or  bump  at  the  site  of  the  needle 
puncture.  Sometimes  subjects  get  light-headed  and  on  rare  occasions  faint  when  blood  is 
drawn. 


2.  Bronchoscopies, 
bronchoscopy. 


Several  types  of  risks  and  discomforts  can  occur  from 


3. 


a)  Cough.  Spraying  the  back  of  the  throat  with  local  anesthetics  causes  coughing 
and  gagging  until  the  numbness  takes  effect.  Coughing  also  occurs  when  the 
bronchoscope  is  in  the  airway. 

b ) Pneumothorax.  When  pieces  of  lung  tissue  are  taken,  an  air  leak  can  occur  on 
the  surface  of  the  lung.  The  leak  allows  the  lung  to  collapse  partially  or  totally. 
Depending  on  the  amount  of  collapse  and  the  patient's  symptoms,  a tube  may  need  to 
be  inserted  though  an  incision  between  the  ribs  to  suck  out  the  air.  If  used,  the  tube 
usually  remains  in  place  for  2-5  days,  during  which  time  the  air  leak  almost  always 
stops.  If  it  does  not  stop,  an  operation  may  be  required  to  repair  the  leak.  The 
chances  of  a collapsed  lung  are  approximately  2 in  1 00  patients.  When  a collapsed 
lung  occurs,  a tube  is  needed  in  approximately  1 in  every  2 or  3 patients.  For  those 
patinets  who  do  not  need  a tube,  the  air  goes  away  by  itself  in  about  2 weeks.  When  a 
tube  is  needed,  it  is  almost  always  effective.  An  operation  is  needed  in  less  than  1 in 
500  cases  of  collapsed  lung  that  requires  a tube  due  to  biopsy. 

c)  Bleeding.  Brushing  the  lung  and  taking  small  pieces  (biopsies)  can  cause 
bleeding.  In  almost  all  cases,  the  bleeding  is  very  scant  and  stops  quickly.  In  rare 
cases,  the  bleeding  is  more  severe.  The  bronchoscope  can  be  used  to  temporarily 
plug  the  bleeding  airway  and  allow  the  bleeding  to  stop.  In  very  rare  cases  (less  than 
6 in  1,000  patients)  the  bleeding  is  more  severe.  Even  in  these  cases,  blood 
transfusion  is  almost  never  needed.  Bleeding  bad  enough  to  need  an  operation  or 
cause  death  is  extremely  rare  and  has  not  occurred  in  patients  at  the  University  of 
Michigan  who  have  had  normal  blood  clotting  and  don't  have  cancer. 

d)  Fever.  After  fluid  is  injected  and  sucked  out  of  an  area  of  lung,  fever  can  occur 
during  the  next  24  hours  (1  in  5 chance). 

e)  Pneumonia.  An  infection  (pneumonia)  can  develop  in  the  part  of  the  lung  where 
fluid  was  injected  (1  in  20  chance).  If  this  occurs  you  may  experience  increased 
shortness  of  breath,  cough,  and  fever. 

f ) Allergic  reactions  to  the  medications.  These  are  extremely  rare  (less  than  a 1 
in  1,000  chance). 

Complications  caused  by  the  virus. 

a)  Over  production  of  cystic  fibrosis  protein.  The  gene  therapy  may  cause  more 
than  the  normal  amount  of  cystic  fibrosis  protein  to  be  produced  in  the  cells  of  the 
airway.  Tests  in  animals  have  shown  that  airway  cells  which  produce  over  100 
times  the  normal  amount  of  cystic  fibrosis  protein  appear  normal.  It  is  not  known  if 
this  will  be  the  same  in  humans. 

b ) Multiplication  of  the  virus.  The  virus  that  is  being  used  to  transfer  the  cystic 
fibrosis  gene  into  your  airway  cells  has  been  made  so  that  it  cannot  reproduce  by 
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itself.  There  is  a very  slight  possibility  that  something  may  happen  during  the  study 
that  will  allow  the  virus  to  multiply.  The  effects  of  this  event  are  unknown. 
However,  your  immune  system  will  likely  kill  the  virus  after  it  has  been  there  for 
several  days  to  weeks. 

c)  Damage  to  the  airway  cells.  It  is  possible  that  the  virus  could  injure  airway 
cells  that  it  enters.  This  has  not  been  seen  in  the  experiments  that  have  been 
performed  on  animal  and  human  cells.  If  this  occurs,  the  segment  of  lung  that  is  used 
for  the  study  could  be  temporarily  or  permanently  damaged. 

d)  Spread  of  the  virus.  It  is  possible  that  the  virus  could  spread  from  your  body 
to  your  surroundings.  The  virus  has  been  altered  so  that  it  cannot  reproduce  by 
itself.  If,  however,  something  should  happen  that  the  virus  does  spread  and 
reproduce,  it  would  likely  behave  no  different  from  similar  types  of  viruses  that  are 
already  in  the  environment  around  us.  However,  if  there  are  signs  that  virus  is 
being  spread,  you  may  be  asked  to  remain  in  the  hospital  longer  than  two  weeks  for 
further  monitoring. 

e)  Cancer.  The  type  of  virus  used  in  these  studies  is  not  the  type  that  inserts  its 
genes  into  the  patient's  own  genes.  The  insertion  into  normal  genes  is  thought  to  be  a 
cause  of  cancer  in  very  rare  instances.  Because  insertion  of  the  virus  gene  into  your 
genes  is  highly  unlikely,  the  chance  the  virus  will  cause  cancer  is  very  small. 

f ) Changes  in  the  body's  eggs  or  sperm.  There  is  a remote  possibility  that  the 
virus  containing  the  cystic  fibrosis  gene  could  change  genes  in  the  body's  eggs  or 
sperm.  Because  of  your  inability  to  have  children,  you  would  not  be  able  to  pass  the 
genetic  changes  on  to  future  generations. 

4.  Exposure  to  xrays.  To  select  the  segment  of  lung  to  be  used  for  the  studies  and  to 
evaluate  the  effects  of  gene  therapy  on  that  segment,  xrays  will  be  taken.  A total  of  20 
chest  xrays  and  4 high  resolution  computed  tomograms  are  planned  over  the  course  of  the 
study.  The  dose  of  radiation  is  small.  The  chances  of  developing  cancer  because  of  this 
amount  of  radiation  is  very  small. 

5.  Withdrawing  from  the  study.  If  you  withdraw  from  the  study  after  the  gene  is  placed 
into  your  lungs,  it  will  not  be  possible  to  evaluate  fully  the  safety  of  gene  therapy.  Should 
complications  occur,  it  might  not  be  possible  to  detect  them  promptly  and  institute 
therapy. 

6.  Loss  of  privacy.  Gene  therapy  is  very  interesting  to  the  general  public.  Although 
every  effort  will  be  made  to  maintain  your  privacy,  it  is  possible  that  the  news  media  or 
other  individuals  might  learn  your  identity  and  spread  this  information,  even  if  you  do  not 
want  this  to  happen. 

Participation  in  multiple  studies  may  be  hazardous  to  you.  If  you  already  are 
participating  in  another  study,  please  inform  us  fully.  You  should  not  participate  in 
multiple  studies,  unless  you  and  the  investigators  agree  that  your  health  and  the  outcome 
of  the  study  will  not  be  jeopardized. 

7 .  Measures  to  be  taken  to  minimize  risks,  discomforts  and  inconveniences 

1 . Blood  tests.  Pressure  will  be  held  at  the  sites  of  blood  drawing  to  limit  bruising.  If 
you  become  light-headed,  you  will  helped  to  a lying  position  to  prevent  fainting. 
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2.  Bronchoscopies, 
bronchoscopy. 


Several  types  of  risks  and  discomforts  can  occur  from 


a)  Cough.  The  meperidine  that  is  given  by  vein  will  help  reduce  the  coughing. 

b)  Pneumothorax.  When  small  pieces  of  tissue  are  removed  from  the  lung,  a 
fluoroscope  (xray  machine)  will  be  used  to  try  to  guide  the  pinchers  away  from  the 
edges  of  the  lung  where  leaks  can  occur. 

c)  Bleeding.  Blood  tests  will  be  done  before  the  procedure  to  be  sure  that  your  blood 
clots  normally  in  the  laboratory. 

d)  Fever.  Acetaminophen  (Tylenol)  will  be  given  to  prevent  or  lessen  any  fever. 

e)  Pneumonia.  Early  antibiotic  treatment  will  given  at  the  first  sign  of  pneumonia. 

f ) Allergic  reactions  to  the  medications.  You  will  be  asked  if  you  are  allergic  to  any 
of  the  medications  before  they  are  given. 

3.  Complications  caused  by  the  virus. 

a)  Over  production  of  cystic  fibrosis  protein.  The  smallest  amount  of  virus  that 
will  likely  transfer  the  gene  to  your  cells  will  be  used. 

b ) Multiplication  of  the  virus.  A defective  virus  is  being  used  that  cannot  multiply 
by  itself. 

c)  Damage  to  the  airway  cells.  The  virus  is  to  be  delivered  at  high  concentration  to 
only  a small  part  of  the  lung.  If  this  segment  is  temporarily  or  permanently 
damaged,  it  will  represent  less  than  5%  of  your  lung  tissue. 

d)  Spread  of  the  virus.  Tests  will  be  done  to  see  if  virus  can  be  found  outside  your 
body.  If  so,  you  might  be  asked  to  remain  in  the  hospital  longer  than  the  planned  2 
weeks  to  see  if  the  virus  number  is  decreasing. 

e ) Cancer.  You  will  be  given  long  term  follow-up  evaluations. 

f ) Changes  in  the  body's  eggs  and  sperm.  Because  of  your  inability  to  have  children, 
you  would  not  be  able  to  pass  the  changes  to  future  generations. 

4.  Exposure  to  xrays.  The  minimum  amount  of  xrays  will  be  used  to  obtain  the  safety 
information  needed  for  the  study. 

5.  Withdrawing  from  the  study.  We  will  attempt  to  perform  the  studies  in  the  most 
gentle  way  possible  to  minimize  your  discomfort.  We  hope  to  be  able  to  convince  you  that 
once  started,  you  will  want  to  complete  the  study. 

6.  Loss  of  privacy.  All  requests  for  information  will  be  directed  to  the  University  of 
Michigan  Public  Relations  Office  to  minimize  the  chances  that  your  identity  will  be 
accidentally  disclosed  to  the  public. 

Expected  benefits  to  subjects  or  to  others 

Your  health  will  not  benefit  from  participating  in  the  studies.  The  area  of  the  lung  that  is 
being  exposed  to  the  virus  is  too  small  for  you  to  notice  any  improvement,  even  if  the 
genetic  defect  is  corrected  in  that  region  of  lung.  However,  the  information  gained  from 
the  tests  will  help  determine  if  this  approach  to  gene  therapy  is  safe  and  if  the  normal 
cystic  fibrosis  gene  will  correct  the  defect  in  some  of  your  airway  lining  cells. 


Appropriate  alternative  procedures 

No  alternative  form  of  gene  therapy  has  been  performed  in  cystic  fibrosis  patients. 
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10.  Costs  to  subject  or  insurance  carrier  resulting  from  participation  in  the 
study 

There  will  be  no  cost  to  you  for  your  participation  in  this  study.  Any  costs  resulting  from 
care  you  require  as  part  of  this  study  or  because  of  complications  from  this  study  will  be 
provided  through  the  Clinical  Research  Center  of  the  University  of  Michigan. 

1 1 . Payments  to  subject  for  participating  in  the  study 

You  will  not  be  paid  for  participating  in  this  study 

1 2 . Confidentiality  of  information  collected 

You  will  not  be  identified  in  any  reports  on  this  study.  The  records  will  be  kept 
confidential  to  the  extent  provided  by  federal,  state  and  local  law.  The  Federal  Food  and 
Drug  Administration  may  inspect  the  records  of  this  investigation.  The  extreme  amount  of 
public  interest  in  gene  therapy  may  cause  members  of  the  media  to  try  to  find  out  who  you 
are.  If  they  succeed,  you  might  be  subject  to  frequent  requests  for  interviews  and  your 
privacy  may  be  reduced.  Every  effort  will  be  made  to  protect  your  privacy  but  this  may 
not  be  possible. 

1 3 . Management  of  physical  injury 

You  will  remain  in  the  hospital  for  2 weeks  after  the  first  bronchoscopy  and  for  1 day 
after  each  of  the  follow-up  bronchoscopies.  If  problems  or  questions  arise  when  you  are 
not  in  the  hospital,  you  should  contact  Dr.  Richard  H.  Simon  by  calling  764-4554  or  the 
University  Hospital  paging  operator  936-6267.  In  the  event  of  a physical  injury,  which 
may  result  from  research  procedures,  the  University  will  provide  first-aid  medical 
treatment.  Additional  medical  treatment  will  be  provided  in  accordance  with  the 
determination  by  the  University  of  its  responsibility  to  provide  such  treatment.  However, 
the  University  does  not  provide  compensation  to  a person  who  is  injured  while 
participating  as  a subject  in  research. 

14.  Availability  of  further  information 

If  significant  new  knowledge  is  obtained  during  the  course  of  this  research  which  may 
relate  to  your  willingness  to  continue  participation,  you  will  be  informed  of  this 
knowledge.  To  find  out  more  about  any  aspect  of  this  study,  including  your  rights,  you  may 
contact  the  persons  whose  names,  addresses  and  telephone  numbers  appear  below:  If 
significant  new  knowledge  is  obtained  during  the  course  of  this  research  which  may  relate 
to  your  willingness  to  continue  participation,  you  will  be  informed  of  this  knowledge.  To 
find  out  more  about  any  aspect  of  this  study,  including  your  rights,  you  may  contact  the 
persons  whose  names,  addresses  and  telephone  numbers  appear  below: 

Richard  H.  Simon,  M.D. 

3916  Taubman  Center,  Box  0360 
Ann  Arbor,  Ml  48109 
(313)  764-4554 

If  you  have  any  questions  or  concerns  about  your  rights  as  a research  subject,  you  may 
also  contact  the  Office  of  Patient-Staff  Relations,  C246  Med  Inn  Building,  Box  0822, 
Telephone  (313)  763-5456.  If  you  have  any  questions  or  concerns  about  your  rights  as 
a research  subject,  you  may  also  contact  the  Office  of  Patient-Staff  Relations,  C246  Med 
Inn  Building,  Box  0822,  Telephone  (313)  763-5456. 
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15.  Voluntary  nature  of  participation 

Your  participation  in  this  project  is  voluntary.  You  may  refuse  to  participate  in  or 
withdraw  from  the  study  at  any  time  without  penalty  or  loss  of  benefits  to  which  you  may 
otherwise  be  entitled.  In  case  you  decide  to  withdraw  from  the  study,  you  may  suffer  the 
following  consequences:  1 ) Loss  of  the  ability  to  monitor  for  side  effects  of  gene  therapy. 
2)  Failure  to  find  out  if  there  are  any  unforeseen  risks  from  gene  therapy  that  may  not  be 
obvious  without  repeated  evaluation.  You  are  therefore  strongly  urged  to  continue  in  the 
study  and  withdrawing  is  inadvisable. 

1 6 . Documentation  of  the  consent 

One  copy  of  this  document  will  be  kept  together  with  our  research  records  on  this  study.  A 
second  copy  will  be  placed  in  your  hospital  record.  A third  copy  will  be  given  to  you  to 
keep. 

17.  Consent  of  the  subject 

I have  read  the  information  given  above.  I understand  the  meaning  of  this  information. 
Drs.  Wilson  and  Simon  have  satisfactorily  answered  my  questions  concerning  the  study.  I 
hereby  consent  to  participate  in  the  study.  I will  also  have  my  next  of  kin  sign  a 
provisional  consent  to  an  autopsy  to  be  used  when  I eventually  die. 

1 8 . Names  and  signatures  of  consenting  persons  and  witnesses 


Subject's  Signature  Date 


Witness'  Signature  Date 

1 9 . Date  of  consent 
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1.0  INTRODUCTION 


Cystic  fibrosis  (CF)  is  a common  lethal,  autosomal  recessive  disease  of  Caucasians  (1-3) 
caused  by  mutations  in  the  gene  encoding  the  cystic  fibrosis  transmembrane  conductance 
regulator  (CFTR)  (4-6).  CFTR  is  a chloride  channel  which  is  regulated  by  phosphorylation 
and  by  intracellular  nucleotides  (7).  Mutations  in  the  CFTR  gene  cause  a loss  of  function 
of  the  CFTR  chloride  channel  and  thus,  contribute  to  the  hallmark  of  the  disease:  defective 
electrolyte  transport  by  affected  epithelia  (1,8).  Although  there  are  a wide  variety  of 
clinical  manifestations,  lung  disease,  and  particularly  disease  of  the  pulmonary  airways,  is 
the  major  cause  of  morbidity  and  mortality.  Despite  current  standard  therapy,  the  median 
age  of  survival  is  only  26  years.  Unfortunately,  no  available  therapy  treats  the  basic  defect. 

Gene  therapy  to  deliver  CFTR  cDNA  could  correct  the  molecular  defect;  thus  it  would 
represent  a major  advance  in  treatment  of  CF.  Because  lung  disease  is  currently  the  most 
severe  clinical  manifestation  of  the  disease,  the  initial  target  cells  will  be  those  of  the 
airway  epithelia.  The  feasibility  of  gene  therapy  was  initially  demonstrated  by  our  finding 
that  expression  of  the  cDNA  for  wild-type  CFTR  corrected  the  chloride  channel  defect  in 
cultured  CF  airway  epithelia  (9).  Our  eventual  goal  is  to  deliver  human  CFTR  cDNA  to 
the  airway  epithelia  of  CF  patients.  For  these  studies,  we  will  test  a recombinant  type  2 
adenovirus  as  a vector.  Adenoviruses  provide  an  attractive  vector  for  introduction  of  the 
cDNA,  because  they  appear  to  be  safe,  they  do  not  require  cell  division  for  expression,  they 
have  a natural  tropism  for  respiratory  epithelia  (10),  and  they  have  been  used  to  deliver 
CFTR  cDNA  to  the  lungs  of  cotton  rats  (11). 

We  have  constructed  a recombinant  adenovirus  vector  in  which  the  CFTR  cDNA  replaces 
the  El  region  of  a type  2 adenovirus,  Ad2/CFTR-1.  We  have  shown  that  this  vector  can 
transfer  CFTR  to  airway  epithelia  in  both  cell  culture  models  and  in  primate  experiments 
and  we  have  shown  that  it  can  complement  the  CF  chloride  transport  defect.  We  have  also 
assessed  the  safety  of  the  vector  system  using  in  vitro  cell  culture  models  and  in  vivo 
experiments  in  hamsters  and  primates. 

We  now  propose  to  test  the  feasibility  of  using  Ad2/CFTR-1  to  deliver  CFTR  cDNA  by 
applying  the  vector  to  a limited  region  of  nasal  epithelium  in  three  CF  patients.  We  will 
use  the  nasal  epithelium  for  these  studies  for  several  reasons,  a)  Nasal  epithelium  has 
morphology  and  function  similar  to  that  of  intrapulmonary  airways,  and  nasal  epithelia 
manifest  the  CF  electrolyte  transport  defect,  b)  The  nasal  respiratory  epithelium  provides 
several  advantages  in  safety  for  the  first  gene  therapy  trials  because:  the  amount  of  virus 
can  be  minimized;  access  to  nasal  epithelia  is  easier  and  carries  less  risk  than  for  pulmonary 
epithelia;  and  if  adverse  reactions  should  occur,  the  potential  consequences  for  the  patient 
are  reduced,  c)  The  use  of  nasal  epithelium  will  allow  us  to  assess  noninvasively  the 
efficacy  of  gene  replacement  by  measuring  directly  the  electrical  potential  difference  across 
the  nasal  epithelium. 

The  goal  of  this  study  will  be  to:  a)  assess  the  safety  of  the  current  recombinant  adenoviral 
vector  when  applied  to  human  airway  epithelium  in  vivo',  b)  assess  the  efficacy  in 
correcting  the  CF  chloride  transport  defect  in  vivo',  and  c)  assess  the  effect  of  dose  of 
recombinant  adenovirus  on  safety  and  efficacy. 

The  results  of  these  studies  will  be  important  in  the  development  of  future  studies  designed 
to  deliver  CFTR  cDNA  to  the  pulmonary  airways  and  in  the  design  of  future  generations  of 
adenovirus  vector. 
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2.0  BACKGROUND  AND  RATIONALE 


2.1  Morbidity  and  Mortality  in  Cystic  Fibrosis 

Cystic  fibrosis  is  the  most  common  lethal  genetic  disease  afflicting  the  Caucasian 
population  (1).  Approximately  one  in  every  2,500  infants  in  the  United  States  is  bom  with 
the  disease.  There  are  approximately  30,000  CF  patients  in  the  United  States.  It  is  the 
predominant  cause  of  severe  chronic  lung  disease  in  children  and  young  adults.  Although 
improvements  have  been  made  over  the  last  20  years  in  alleviating  certain  symptoms  of  the 
disease  and  delaying  its  progress,  the  underlying  disease  remains  untreated  and  patients 
have  a life  expectancy  of  only  20  to  30  years.  Statistics  from  the  U.S.  Cystic  Fibrosis 
Foundation  reveal  that  with  intensive  therapy,  the  prognosis  has  reached  75%  survival  to 
late  teens,  50%  survival  to  26  years  of  age,  but  survival  remains  only  40%  to  the  fourth 
decade.  Individuals  with  CF  rarely  live  into  the  fifth  and  sixth  decades  of  life.  In  1986,  the 
United  States  CF  Patient  Registry  revealed  only  20%  of  patients  to  be  older  than  18  years 
of  age. 

Disease  of  the  pulmonary  airways  is  the  major  cause  of  morbidity  and  is  responsible  for 
95%  of  the  mortality  (1,2).  The  first  manifestation  of  lung  disease  is  often  a cough, 
followed  by  progressive  dyspnea.  Tenacious  sputum  becomes  purulent  because  of 
colonization  with  Staphylococcus  and  then  with  Pseudomonas.  Chronic  bronchitis  and 
bronchiectasis  can  be  partially  treated  with  current  therapy,  but  the  course  is  punctuated  by 
increasingly  frequent  exacerbations  of  the  pulmonary  disease.  As  the  disease  progresses, 
the  patient's  activity  is  progressively  limited.  End-stage  lung  disease  is  heralded  by 
increasing  hypoxemia,  pulmonary  hypertension,  and  cor  pulmonale. 

The  upper  airways  of  the  nose  and  sinuses  are  also  involved  by  CF.  Most  patients  with  CF 
develop  chronic  sinusitis  (1,2).  Nasal  polyps  occur  in  15-20%  of  patients  and  are  common 
by  the  second  decade  of  life. 

Gastrointestinal  problems  are  also  frequent  in  CF  (1,2);  infants  may  suffer  meconium  ileus. 
Exocrine  pancreatic  insufficiency,  which  produces  symptoms  of  malabsorption,  is  present 
in  the  large  majority  of  patients  with  CF.  Males  are  almost  uniformly  infertile  and  fertility 
is  decreased  in  females. 

2.2  Current  Treatment  of  Cystic  Fibrosis 

To  date,  the  primary  objectives  of  treatment  for  CF  have  been  to  control  infection,  promote 
mucus  clearance,  and  improve  nutrition  (1).  Intensive  antibiotic  use  and  a program  of 
postural  drainage  with  chest  percussion  are  the  mainstays  of  therapy.  However,  as  the 
disease  progresses,  frequent  hospitalizations  are  required.  Nutritional  regimens  include 
pancreatic  enzymes  and  fat-soluble  vitamins.  Bronchodilators  are  used  at  times. 
Corticosteroids  have  been  used  to  reduce  inflammation,  but  they  may  produce  significant 
adverse  effects  and  their  benefits  are  not  certain.  In  extreme  cases,  lung  transplantation  is 
sometimes  attempted  (12). 

Most  efforts  to  develop  new  therapies  for  CF  have  focused  on  the  pulmonary 
complications.  Because  CF  mucus  consists  of  a high  concentration  of  DNA,  derived  from 
lysed  neutrophils,  one  approach  has  been  to  develop  recombinant  human  DNase  (13,14). 
Preliminary  reports  suggest  that  aerosolized  enzyme  may  be  effective  in  reducing  the 
viscosity  of  mucus.  This  could  be  helpful  in  clearing  the  airways  of  obstruction  and 
perhaps  in  reducing  infections.  In  an  attempt  to  limit  damage  caused  by  excess  of 
neutrophil  derived  elastase,  protease  inhibitors  have  been  tested.  Alpha- 1 -antitrypsin 


Recombinant  DNA  Research,  Volume  16 


[857] 


M.J.  Welsh  and  A.E.  Smith,  RAC  Application 


purified  from  human  plasma  has  been  aerosolized  to  deliver  enzyme  activity  to  the  lung  of 
CF  patients  (15).  Another  approach  would  be  the  use  of  agents  to  inhibit  the  action  of 
oxidants  derived  from  neutrophils.  Although  biochemical  parameters  have  been 
successfully  measured,  the  long  term  beneficial  effects  of  these  treatments  have  not  been 
established. 

Using  a different  rationale,  other  investigators  have  attempted  to  use  pharmacological 
agents  to  reverse  the  abnormally  decreased  chloride  secretion  and  increased  sodium 
absorption  in  CF  airways  (16).  Defective  electrolyte  transport  by  airway  epithelia  is 
thought  to  alter  the  composition  of  the  respiratory  secretions  and  mucus  (1,8,16).  Hence, 
pharmacological  treatments  aimed  at  correcting  the  abnormalities  in  electrolyte  transport 
could  be  beneficial.  Trials  are  in  progress  with  aerosolized  versions  of  the  drug  amiloride; 
amiloride  is  a diuretic  that  inhibits  sodium  channels,  thereby  inhibiting  sodium  absorption. 
Initial  results  indicate  that  the  drug  is  safe  and  suggest  a slight  change  in  the  rate  of  disease 
progression,  as  measured  by  lung  function  tests  (17,18).  Nucleotides,  such  as  ATP  or  UTP, 
stimulate  purinergic  receptors  in  the  airway  epithelium.  As  a result,  they  open  a class  of 
chloride  channel  that  is  different  from  CFTR  chloride  channels.  In  vitro  studies  indicate 
that  ATP  and  UTP  can  stimulate  chloride  secretion  (19).  Preliminary  trials  to  test  the 
ability  of  nucleotides  to  stimulate  secretion  in  vivo,  and  thereby  correct  the  electrolyte 
transport  abnormalities  are  underway. 

Despite  progress  in  therapy,  CF  remains  a lethal  disease,  and  no  current  therapy  treats  the 
basic  defect. 

2.3  The  CF  Gene  and  Gene  Product 

Three  areas  of  knowledge  now  allow  new  therapies  to  be  developed  for  CF:  a)  knowledge 
about  the  gene  which  encodes  CFTR;  b)  knowledge  about  the  function  and  biochemistry  of 
the  protein  product,  CFTR;  and  c)  knowledge  about  the  molecular  basis  of  the  disease,  i.e., 
how  mutations  in  the  gene  cause  dysfunction  of  CFTR. 

2.3.1  The  gene  encoding  CFTR. 

The  gene  encoding  CFTR  is  located  in  region  q31  of  chromosome  7 (4,5).  It  comprises 
about  240  kb  and  contains  27  exons.  The  mRNA  is  about  6.5  kb.  The  gene  encodes  a 
protein  named  cystic  fibrosis  transmembrane  conductance  regulator  (CFTR).  The  protein 
comprises  1,480  amino  acids. 

Based  on  amino  acid  sequence  similarity  and  similar  predicted  topology,  CFTR  appears  to 
belong  to  a family  of  proteins  named  the  traffic  ATPases  (20)  or  ABC  (ATP  Binding 
Cassette)  transporters  (21).  CFTR  is  predicted  to  contain  five  domains  (5):  two  membrane 
spanning  domains,  each  composed  of  six  transmembrane  segments;  a unique  R (regulatory) 
domain,  which  contains  several  consensus  phosphorylation  sequences;  and  two  nucleotide 
binding  domains,  which  were  predicted  to  interact  with  ATP. 

2.3.2  CFTR  function. 

Availability  of  the  cDNA  encoding  CFTR  has  allowed  the  protein  to  be  expressed  in  cells. 
In  the  first  functional  and  biochemical  studies,  we  expressed  CFTR  cDNA  in  primary 
cultures  of  CF  airway  epithelia  (9,22)  and  Drumm  and  coworkers  expressed  CFTR  in  a 
pancreatic  epithelial  cell  line  (23).  Expression  of  wild-type  CFTR  corrected  the  defect  in 
c AMP-regulated  chloride  permeability.  This  result  demonstrated  a causal  relationship 
between  mutations  in  the  CFTR  gene  and  the  CF  phenotype.  More  importantly,  this 
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experiment  established  the  feasibility  of  gene  therapy  to  reverse  the  effects  of  the  abnormal 
gene  in  CF  patients. 

Several  antibodies  to  CFTR  have  been  developed  and  these  have  allowed  identification  of 
the  protein  (22,24-31).  Moreover,  we  have  shown  that  in  normal  human  airway  epithelia, 
the  protein  is  located  in  the  apical  membrane  (32),  where  it  can  mediate  chloride  transport 

Although  complementation  of  chloride  transport  in  CF  cells  did  not  identify  the  function  of 
CFTR,  data  obtained  since  then  provide  compelling  evidence  that  CFTR  is  a chloride 
channel  with  novel  regulation  (for  a review  see  7).  The  protein  has  been  expressed  in  a 
variety  of  recombinant  cells  (25,29,33-39);  in  each  case,  c AMP-regulated  chloride  channels 
were  generated.  Channels  produced  by  recombinant  CFTR  and  those  endogenous  to  the 
apical  membrane  of  normal  secretory  epithelia  (40-43)  have  the  same  regulatory  and 
biophysical  properties.  In  addition,  we  have  shown  that  alteration  of  specific  amino  acid 
residues  in  CFTR  alters  the  anion  selectivity  of  chloride  channels  (35).  This  observation 
indicates  that  the  protein  itself  interacts  with  permeating  anions,  thereby  indicating  that 
CFTR  forms  the  channel  pore.  Most  recently,  CFTR  has  been  purified,  reconstituted  into 
proteoliposomes,  and  fused  with  planar  lipid  bilayers  (44);  in  a bilayer,  CFTR  had 
regulatory  and  biophysical  properties  similar  to  those  observed  in  the  native  cell  membrane. 

Other  experiments  on  the  expression  of  CFTR  in  recombinant  cells  indicate  that  the  CFTR 
chloride  channel  is  regulated  by  phosphorylation  by  cAMP-dependent  protein  kinase 
(34,38,45,46).  We  showed  by  site-directed  mutagenesis  of  CFTR,  followed  by 
electrophysiological  studies,  that  the  R domain  acts  to  regulate  passage  of  chloride  through 
the  channel.  ATP  is  also  required  on  the  cytosolic  surface  to  keep  CFTR  chloride  channels 
open  (47).  Recent  work  indicates  that  ATP  interacts  with  the  nucleotide-binding  domains 
of  CFTR  to  control  chloride  channel  opening  and  closing  (48). 

These  data  indicate  that  CFTR  is  a regulated  chloride  channel.  They  do  not,  however, 
exclude  the  possibility  that  CFTR  also  has  other  functions  (49-52).  Further,  although 
CFTR  is  active  in  the  apical  surface  of  epithelial  cells,  it  may  also  function  at  other 
locations  within  the  cell  (53).  The  possibility  that  CFTR  might  function  other  than  as  a 
chloride  channel  or  at  other  cellular  locations  make  gene  therapy  a particularly  attractive 
therapeutic  strategy. 

2.3.3  Cystic  fibrosis-associated  mutations  in  CFTR. 

The  most  common  CF-associated  mutation,  accounting  for  about  70%  of  CF  chromosomes, 
is  deletion  of  phenylalanine  at  position  508  (AF508)  (6,54).  Phenylalanine  508  is  located  in 
the  middle  of  the  first  nucleotide-binding  domain.  Over  100  other  mutations  have  been 
discovered  on  CF  chromosomes  (for  reviews,  see  3,55,56). 

Mutations  in  CFTR  appear  to  result  in  a loss  of  chloride  channel  activity  in  one  of  three 
general  ways. 

a.  The  mutated  protein  does  not  traffic  to  the  apical  membrane.  Our  recent  studies  (57,58) 
indicate  that  several  CF-associated  mutations,  including  the  most  common,  AF508,  lead  to 
incomplete  protein  processing.  This  inference  was  based  on  the  finding  that  wild-type 
CFTR  expressed  in  heterologous  cells  underwent  two  stages  of  glycosylation,  a core 
glycosylation  (endoglycosidase  H sensitive)  characteristic  of  processing  in  the  endoplasmic 
reticulum,  and  more  extensive  glycosylation,  characteristic  of  processing  in  the  Golgi 
complex.  In  contrast,  CFTRAF508  only  underwent  core  glycosylation.  This  result 
suggested  that  the  mutant  protein  was  retained  in  the  endoplasmic  reticulum,  did  not  reach 
the  Golgi  complex,  and  was  not  delivered  to  the  plasma  membrane.  We  proposed  that  the 
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mutant  protein  was  misfolded  and  therefore  recognized  by  the  cellular  quality  control 
mechanism  located  in  the  endoplasmic  reticulum  and  was  degraded.  Early  data  on  this 
hypothesis  was  conflicting  (29-31,39).  More  recently,  we  evaluated  the  hypothesis  in 
airway  epithelia  using  a quantitative  assay  to  detect  CFTR  in  the  apical  membrane  (32). 
CFTR  was  present  in  the  apical  membrane  of  normal  airway  epithelia,  but  none  was 
detected  in  the  apical  membrane  of  CF  epithelia  bearing  the  AF508  mutation.  Studies  in 
the  sweat  gland  duct  epithelium  have  also  shown  that  in  CF  patients  with  the  AF508 
mutation,  the  mutant  protein  is  mislocalized  and  is  probably  not  present  in  the  plasma 
membrane  (59).  The  conclusion  that  the  AF508  mutation  causes  defective  protein 
processing  was  also  supported  by  our  studies  that  tested  the  effect  of  temperature  on 
processing  of  CFTRAF508;  a reduction  in  incubation  temperature  can  "correct"  the 
processing  of  some  mutant  proteins.  We  found  that  the  processing  of  CFTRAF508  reverted 
toward  that  of  wild-type  as  the  incubation  temperature  was  reduced  (60).  When  the 
processing  defect  was  corrected,  cAMP-regulated  chloride  channels  appeared  in  the  plasma 
membrane.  This  result  also  explained  some  earlier  data,  obtained  from  Xenopus  oocytes 
(oocytes  are  grown  at  19°C);  that  data  suggested  that  CFTR  containing  the  AF508  mutation 
was  present  in  the  plasma  membrane  (39). 

The  results  of  these  studies  indicate  that  the  CFTR  chloride  channel  is  either  missing  from 
the  apical  membrane  of  CF  cells  bearing  the  AF508  mutation  and  some  other  mutations 
(32,57,58),  or  it  is  present  at  much  reduced  levels.  Thus  the  results  explain  the  lack  of 
apical  chloride  permeability  in  most  CF  epithelia.  Unfortunately,  because  the  protein  is 
mislocalized,  therapeutic  attempts  designed  to  alter  the  function  of  mutant  CFTR  are  not 
expected  to  be  successful  for  the  majority  of  patients.  On  the  other  hand,  pharmacological 
attempts  to  relocate  mutant  CFTR  could  be  attempted. 

b.  The  mutated  protein  may  have  abnormally  reduced  chloride  channel  function.  Some 
CF-associated  mutations  generate  proteins  that  appear  to  be  processed  correctly  and  hence 
are  presumably  correctly  located  in  the  plasma  membrane  (57).  Nevertheless,  they  do  not 
function  normally  (58).  Examples  include:  the  G551D  mutation,  which  has  no  detectable 
function  in  halide  efflux  assays  (58);  the  G1349D  mutation,  which  produces  a chloride 
channel  that  has  a markedly  reduced  probability  of  being  open  (48,58);  and  the  S1255P 
mutation,  which  has  a significantly  reduced  stimulation  by  intracellular  ATP  (48).  It  is  also 
possible  that  some  mutations  could  lead  to  a defect  in  both  intracellular  trafficking  and 
function. 

c.  Some  mutations  fail  to  produce  a complete  protein.  Some  mutations  produce  frame 
shifts,  splicing  mutations,  or  premature  termination  of  translation  (3,55,56).  Such 
mutations  would  be  expected  to  fail  to  generate  a complete  protein.  Recent  data  suggest 
that  some  mutations  that  encode  a premature  stop  codon  lead  to  markedly  reduced  levels  of 
mRNA  and  thus  presumably  little  or  no  protein  (61). 


3.0  CONSIDERATIONS  FOR  GENE  THERAPY  OF  CF 


Gene  therapy  of  CF  presents  several  considerations  that  are  different  from  those  addressed 
in  most  previous  proposals  submitted  to  the  RAC. 

3.1  Target  Tissue 

Because  95%  of  CF  patients  die  of  lung  disease,  the  lung  will  be  the  main  target  for  gene 
therapy.  The  hallmark  abnormality  of  the  disease  is  defective  electrolyte  transport  by  the 
epithelial  cells  that  line  the  airways.  Numerous  investigators  (reviewed  in  8)  have 
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observed:  a)  a complete  loss  of  cAMP-mediated  transepithelial  chloride  secreuon,  and  b)  a 
two  to  three  fold  increase  in  the  rate  of  Na+  absorption,  c AMP-stimulated  chloride 
secretion  requires  a chloride  channel  in  the  apical  membrane  (62).  The  discovery  that 
CFTR  is  a phosphorylation-regulated  chloride  channel  and  that  the  properties  of  the  CFTR 
chloride  channel  are  the  same  as  those  of  the  chloride  channels  in  the  apical  membrane, 
indicate  that  CFTR  itself  mediates  transepithelial  chloride  secretion.  This  conclusion  was 
supported  by  studies  localizing  CFTR  in  lung  tissue:  CFTR  is  located  in  the  apical 
membrane  of  airway  epithelia  (32)  and  has  been  reported  to  be  present  in  the  submucosal 
glands  (63,64).  As  a consequence  of  loss  of  CFTR  function,  there  is  a loss  of  cAMP- 
regulated  transepithelial  chloride  secretion.  At  this  time  it  is  uncertain  how  dysfunction  of 
CFTR  produces  an  increase  in  the  rate  of  Na+  absorption.  However,  it  is  thought  that  the 
defective  chloride  secretion  and  increased  Na+  absorption  lead  to  an  alteration  of  the 
respiratory  tract  fluid  and  hence,  to  defective  mucociliary  clearance,  a normal  pulmonary 
defense  mechanism.  As  a result,  clearance  of  inhaled  material  from  the  lung  is  impaired 
and  repeated  infections  ensue.  Although  the  presumed  abnormalities  in  respiratory  tract 
fluid  and  mucociliary  clearance  provide  a plausible  explanation  for  the  disease,  a precise 
understanding  of  the  pathogenesis  is  still  lacking. 

Correction  of  the  genetic  defect  in  the  airway  epithelial  cells  is  likely  to  reverse  the  CF 
pulmonary  phenotype.  The  identity  of  the  specific  cells  in  the  airway  epithelium  that 
express  CFTR  cannot  be  accurately  determined  by  immunocytochemical  means,  because  of 
the  low  abundance  of  protein.  However,  functional  studies  suggest  that  the  ciliated 
epithelial  cells  and  perhaps  nonciliated  cells  of  the  surface  epithelium  are  among  the  main 
cell  types  involved  in  electrolyte  transport  (62).  Thus  in  practical  terms,  the  present 
preferred  target  cell  for  gene  therapy  would  appear  to  be  the  mature  cells  that  line  the 
pulmonary  airways.  These  are  not  rapidly  dividing  cells;  rather,  most  of  them  are 
nonproliferating  and  many  may  be  terminally  differentiated  (65).  The  identification  of  the 
progenitor  cells  in  the  airway  is  uncertain.  Although  CFTR  may  also  be  present  in 
submucosal  glands  (63,64),  there  is  no  data  as  to  its  function  at  that  site;  furthermore,  such 
glands  appear  to  be  relatively  inaccessible. 

Because  we  are  unaware  of  any  method  of  removing  and  reimplanting  airway  epithelial 
cells  that  is  likely  to  be  possible  in  humans,  a therapeutic  strategy  based  on  removal  of  the 
target  cell  from  the  patient,  treatment  by  gene  therapy  in  vitro,  and  then  reimplantation  into 
the  patient,  seems  impractical.  Instead,  gene  therapy  for  CF  appears  to  require  in  vivo 
treatment  of  the  airway  epithelia. 

3.2  Delivery  of  CFTR  cDNA 

The  airway  epithelium  provides  two  main  advantages  for  gene  therapy,  first,  access  to  the 
airway  epithelium  can  be  relatively  nonin vasive.  This  is  a significant  advantage  in  the 
development  of  delivery  strategies  and  it  will  allow  investigators  to  monitor  the  therapeutic 
response.  Second,  the  epithelium  forms  a barrier  between  the  airway  lumen  and  the 
interstitium.  Thus,  application  of  the  vector  to  the  lumen  will  allow  access  to  the  target  cell 
yet,  at  least  to  some  extent,  limit  movement  through  the  epithelial  barrier  to  the  interstitium 
and  from  there  to  the  rest  of  the  body. 

3.3  Efficiency  of  Gene  Delivery  Required  to  Correct  the  Genetic  Defect 

It  is  unlikely  that  any  gene  therapy  protocol  will  correct  100%  of  the  cells  that  normally 
express  CFTR.  However,  several  observations  suggest  that  correction  of  a small  percent  of 
the  involved  cells  or  expression  of  a fraction  of  the  normal  amount  of  CFTR  may  be  of 
therapeutic  benefit. 
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a.  CF  is  an  autosomal  recessive  disease  and  heterozygotes  have  no  lung  disease  (1).  Thus, 
50%  of  wild-type  CFTR  would  appear  sufficient  for  normal  function. 

b.  This  issue  was  tested  in  mixing  experiments  using  CF  cells  and  recombinant  CF  cells 
expressing  wild-type  CFTR  (66).  The  data  obtained  showed  that  when  an  epithelium  is 
reconstituted  with  as  few  as  6-10%  of  corrected  cells,  chloride  secretion  is  comparable  to 
that  observed  with  an  epithelium  containing  100%  corrected  cells.  Although  CFTR 
expression  in  the  recombinant  cells  is  probably  higher  than  in  normal  cells,  this  result 
suggests  that  in  vivo  correction  of  all  CF  airway  cells  may  not  be  required. 

c.  Recent  observations  show  that  CFTR  containing  some  CF-associated  mutations  retains 
residual  chloride  channel  activity  (67,68).  These  mutations  are  associated  with  mild  lung 
disease.  Thus,  even  a very  low  level  of  CFTR  activity  may  at  least  partly  amilorate  the 
electrolyte  transport  abnormalities. 

d.  As  indicated  in  our  experiments  described  below  (8.2. b. (3).  1),  complementation  of  CF 
epithelia,  under  conditions  that  probably  would  not  cause  expression  of  CFTR  in  every  cell, 
restored  cAMP-stimulated  chloride  secretion. 

e.  Levels  of  CFTR  in  normal  human  airway  epithelia  are  very  low  and  are  barely 
detectable.  We  have  not  been  able  to  detect  it  by  routine  biochemical  techniques  such  as 
immunoprecipitation  or  immunoblotting.  It  is  also  exceedingly  difficult  to  detect  with 
immunocytochemical  techniques  (32).  Although  we  have  been  able  to  detect  CFTR  using 
laser-scanning  confocal  microscopy  in  some  cases,  the  signal  is  at  the  limits  of  detection 
and  cannot  be  detected  above  background  in  every  case.  Despite  the  minimal  levels  of 
CFTR,  this  small  amount  is  sufficient  to  generate  substantial  cAMP-stimulated  chloride 
secretion.  The  reason  that  a very  small  number  of  CFTR  chloride  channels  can  support  a 
large  chloride  secretory  rate  is  that  a large  number  of  ions  can  pass  through  a single  channel 
(106  - 107  ions/sec)  (69). 

f.  Previous  studies  using  quantitative  PCR  have  reported  that  the  airway  epithelial  cells 
contain  at  most  one  to  two  transcripts  per  cell  (70). 


3.4  Effect  of  Overexpressing  CFTR 

Fortunately,  gene  therapy  for  CF  would  appear  to  have  a wide  therapeutic  index.  Just  as 
partial  expression  may  be  of  therapeutic  value,  overexpression  of  wild-type  CFTR  appears 
unlikely  to  cause  significant  problems.  This  conclusion  is  based  on  both  theoretical 
considerations  and  experimental  results. 

Because  CFTR  is  a regulated  channel,  and  because  it  has  a specific  function  in  epithelia,  it 
is  unlikely  that  overexpression  of  CFTR  will  lead  to  uncontrolled  chloride  secretion.  First, 
secretion  would  require  activation  of  CFTR  by  cAMP-dependent  phosphorylation. 
Activation  of  this  kinase  is  a highly  regulated  process.  Second,  even  if  CFTR  chloride 
channels  open  in  the  apical  membrane,  secretion  will  not  ensue  without  regulation  of  the 
basolateral  membrane  transporters  that  are  required  for  chloride  to  enter  the  cell  from  the 
interstitial  space.  At  the  basolateral  membrane,  the  sodium-potassium-chloride 
cotransporter  and  potassium  channels  serve  as  important  regulators  of  transepithelial 
secretion  (62). 
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We  have  expressed  human  CFTR  in  transgenic  mice  under  the  control  of  the  surfactant 
protein  C (SPC)  gene  promoter  and  of  the  casein  promoter  (71,72).  In  those  mice,  CFTR 
was  overexpressed  in  bronchiolar  and  alveolar  epithelial  cells  and  in  the  mammary  glands, 
respectively.  Yet  despite  the  massive  overexpression  in  the  transgenic  animals,  there  were 
no  observable  morphologic  or  functional  abnormalities.  (It  is  known  that  human  CFTR 
expressed  in  recombinant  mouse  cells  is  functionally  active,  ref.  35.)  In  addition, 
expression  of  CFTR  in  the  lungs  of  cotton  rats  produced  no  reported  abnormalities  (11). 

3.5  Use  of  Retroviruses  for  CF  Gene  Therapy 

Most  gene  therapy  protocols  that  have  been  presented  to  the  RAC  have  used  recombinant 
retroviruses.  Because  of  the  previous  scientific  and  regulatory  experience  with 
retroviruses,  it  seems  appropriate  to  consider  their  use  for  gene  therapy  of  CF. 

It  is  clear  that  retroviruses  can  be  used  to  express  CFTR  in  cultured  epithelial  cells;  we 
have  done  so  (35)  as  have  others  (23).  However  at  the  present  time,  several  considerations 
would  seem  to  preclude  the  use  of  retroviruses  as  a vector  to  treat  CF.  a)  Most  previous 
uses  of  retrovirus  in  gene  therapy  have  treated  cells  ex  vivo,  but  removal  of  target  cells 
seems  impractical  for  treatment  of  CF  lung  disease,  b)  Retroviruses  require  dividing  cells, 
whereas  airway  epithelial  cells  divide  infrequently,  c)  The  airway  epithelium  is  likely  to 
contain  1010-  1011  (73)  epithelial  cells.  Even  if  it  were  possible  to  produce  and  deliver 
sufficient  retrovirus  vector  to  correct  1%  of  these  cells  in  vivo ; a significant  risk  of 
insertional  mutagenesis  might  be  incurred. 

Thus,  retroviruses  do  not  currently  appear  to  be  the  agent  of  choice  for  CF  gene  therapy. 


4.0  USE  OF  ADENOVIRUS  FOR  CF  GENE  THERAPY 


For  our  study,  we  propose  to  use  a recombinant  adenovirus  as  the  vector  to  express  CFTR. 

4.1  Differences  Between  Adenovirus  and  Retrovirus  Vectors  for  Gene  Therapy 

There  are  many  differences  between  retroviruses  (reviewed  in  74),  which  have  been  used 
for  most  gene  therapy  protocols,  and  adenoviruses  (reviewed  in  75-77),  the  vector  proposed 
here.  Adenovirus  contains  a double  stranded  DNA  genome  of  approximately  36  kb  within 
a small  icosahedral  protein  virion.  The  retrovirus  genome  is  a single  stranded  RNA  of 
approximately  7 kb,  within  a core  surrounded  by  a lipid-containing  envelope.  Retroviruses 
infect  cells  by  converting  their  genome  into  double-stranded  DNA  and  integrating  into  the 
host  cell  genome;  adenoviruses  replicate  extrachromosomally.  Retrovirus  gene  expression 
is  chronic  and  virus  shedding  continues  over  the  life  of  the  cell.  Adenovirus  infections  lyse 
permissive  host  cells  but  may  establish  latent  infections  in  others,  e.g.,  lymphocytes  and 
monocytes  (78,79).  Retroviruses  contain  minimally  3 genes  encoding  reverse  transcriptase, 
gag  proteins  which  comprise  the  protein  core,  and  the  envelope  protein.  Adenoviruses 
encode  a great  many  more  proteins  including  early  proteins  which  are  expressed  prior  to 
viral  DNA  synthesis  and  late  proteins  comprising  predominantly  virion  structural  proteins. 
Adenoviruses  are  stable  to  purification  whereas  retroviruses  are  not. 

Because  the  genome  of  the  retroviruses  is  so  simple,  and  because  the  viral  gene  products 
can  be  expressed  without  deleterious  effect  on  the  host  cell,  it  is  relatively  straight  forward 
to  remove  the  endogenous  retrovirus  genes  and  to  replace  them  with  marker  genes, 
antibiotic  resistance  genes  or  genes  encoding  therapeutic  proteins  (10,80).  Such  vectors 
can  be  grown  in  packaging  cells  that  provide  the  missing  gene  functions  to  produce  the 
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defective  retrovirus,  albeit  at  low  titer.  The  adenovirus  genome  is  much  more  complex  and 
present  vectors  retain  virtually  all  of  the  viral  genes.  The  introduced  genes  replace  either  a) 
dispensable  viral  gene  functions  (such  as  early  region  3)  to  produce  a live  recombinant  viral 
vector,  or  b)  gene  functions  that  can  be  provided  in  trans.  In  the  latter  case,  a transformed 
human  cell  line  called  293  that  expresses  the  early  region  1 genes  is  available  and  this  can 
be  used  to  grow  the  otherwise  defective  El-deleted  adenovirus  vectors  (81). 

The  ends  of  the  retrovirus  genome  contain  so  called  Long  Terminal  Repeats  (LTR).  The 
LTRs  include  elements  that  promote  integration  and  activation  of  adjacent  genes 
(enhancers).  Integration  of  retrovirus  DNA  introduces  two  copies  of  the  LTR.  The  LTRs 
activate  viral  gene  expression,  but  they  can  also  activate  cellular  genes  adjacent  to  the 
integration  site.  This  is  the  basis  for  insertional  mutagenesis  involving  gene  activation  by 
retroviruses  (82).  Insertional  mutagenesis  can  also  occur  by  gene  disruption.  The 
adenovirus  genome  contains  an  inverted  terminal  repeat  (ITR)  involved  in  DNA 
replication,  but  the  viral  promoter  enhancer  elements  map  outside  the  repeated  sequences. 
Although  integration  of  adenovirus  DNA  is  not  required  for  virus  replication,  it  can  occur 
at  low  frequency  in  non-permissive  cells  or  when  the  virus  is  disabled  (83-86).  However, 
integration  does  not  obligatorily  occur  at  the  terminal  repeats.  Mutagensis  by  gene 
activation  therefore  appears  less  likely,  although  mutagenesis  by  gene  disruption  as  with 
retroviruses  remains  a possibility.  However,  we  are  unaware  of  any  reports  of  insertional 
mutagenesis  associated  with  adenovirus  integration.  Finally,  because  retrovirus  vectors 
integrate  their  nucleic  acid,  gene  expression  from  such  a vector  potentially  persists  for  the 
life  time  of  the  treated  cell.  For  adenoviruses,  the  DNA  is  predominantly 
extrachromosomal  and  continued  expression  may  require  multiple  administrations. 

4.2  Advantages  of  Adenovirus  as  a Vector  System 

Adenoviruses  are  widespread  in  the  human  population  and  almost  50  different  serotypes 
are  known.  Viral  infection,  especially  with  the  Ad2  and  Ad5  serotypes  of  subgenus  C,  is 
not  generally  associated  with  serious  disease  (75,76);  infection  usually  results  in  mild 
respiratory  tract  symptoms.  Exposure  to  the  virus  is  widespread  with  the  majority  of  adults 
being  seropositive  for  type  C viruses.  Engineered  adenovirus  offer  an  attractive  means  by 
which  gene  therapy  for  CF  might  be  achieved  (10,11,80). 

a)  The  virus  can  be  readily  manipulated  to  encode  and  express  the  desired  gene  product, 
CFTR. 

b)  Deletion  of  viral  genes  can  impair  the  activity  of  adenovirus  in  terms  of  its  ability  to 
replicate  in  a normal  lytic  viral  life  cycle. 

c)  Adenovirus  has  a natural  tropism  for  the  target  cells  of  the  airway  epithelium. 

d)  The  viruses  are  able  to  infect  quiescent  cells,  as  are  found  in  the  airways. 

e)  Adenovirus  expression  can  be  achieved  without  integration  of  the  viral  DNA  into  the 
host  cell  chromosome,  thereby  reducing  concerns  about  insertional  mutagenesis. 

f)  In  vivo  delivery  of  al  antitrypsin  and  CFTR  using  adenovirus  vectors  has  been  reported 
in  experiments  using  cotton  rats  (11,87). 

g)  The  molecular  biology  of  human  adenoviruses  are  relatively  well  understood. 

h)  Recombinant  adenovirus  can  be  grown  to  high  titer  and  the  virus  purified. 
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4.3.  Design  of  the  Present  Generation  Vector 

The  vector  to  be  utilized  in  the  present  protocol  is  an  El -deficient  Ad2  (Fig.  1).  It  is  named 
Ad2/CF1R-1  and  includes  the  coding  sequence  for  CFTR  in  place  of  El.  Removal  of  El 

Major  Late  Transcription ^ 


ITR  El  a Elb 

V/////A  NLS-B-qalactosidase  V////A  Ad2/BGal-1 

\r* 

v pix> 

Figure  1.  Ad2/CFTR-1  and  Ad2/BGal-l 


has  several  advantages:  a)  it  impairs  lytic  viral  replication  in  human  cells;  b)  it  deletes  the 
region  of  the  genome  associated  with  the  in  vitro  transforming  activity  of  the  virus;  and  c) 
it  creates  space  in  the  genome  for  the  insertion  of  exogenous  DNA.  We  also  constructed  a 
related  vector  encoding  8-galactosidase  (Ad2/8Gal-l). 

Unlike  many  El  deleted  recombinant  adenovirus  vectors  (10,11,80),  Ad2/CFTR-1  retains 
the  E3  region.  This  region  is  dispensable,  at  least  for  growth  in  tissue  culture,  and  it  is 
often  deleted  to  allow  space  for  the  newly  introduced  DNA  sequences.  Since  this  was  not 
done  with  Ad2/CFTR-1,  its  DNA  is  approximately  104.5%  of  the  length  of  the  wild-type 
adenovirus  DNA.  This  means  that  the  viral  DNA  is  at  the  upper  limit  of  size  able  to 
package  into  virions  (88,89).  For  this  reason,  the  Ad2/CFTR-1  virus  grows  less  readily 
than  normal,  typically  producing  5-10%  of  the  yield  obtained  in  293  cells  with  vectors  of 
wild-type  size. 

The  E3  region  of  the  Ad2/CFTR-1  encodes  a variety  of  proteins.  One  of  these  proteins, 
gpl9,  is  believed  to  interact  with  and  prevent  presentation  of  class  I proteins  of  the  major 
histocompatability  complex  (MHC)  (reviewed  in  90).  This  property  prevents  recognition 
of  the  infected  cells  and  thus  may  allow  viral  latency.  The  presence  of  E3  sequences, 
therefore,  has  two  useful  attributes;  first,  the  large  size  of  the  viral  DNA  renders  it  doubly 
defective  for  replication  (i.e.,  it  lacks  early  functions  and  is  packaged  poorly)  and  second, 
the  absence  of  MHC  presentation  could  be  useful  in  later  applications  of  Ad2/CFTR-1  in 
gene  therapy  involving  multiple  administrations,  because  it  may  avoid  an  immune  response 
to  recombinant  virus-containing  cells. 
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Not  only  are  there  advantages  associated  with  the  presence  of  E3;  there  may  be 
disadvantages  associated  with  its  absence.  Studies  of  E3-deleted  virus  in  animals  have 
suggested  that  they  result  in  a more  severe  pathology  (91).  Furthermore,  E3-deleted  virus, 
such  as  might  be  obtained  by  recombination  of  an  El  plus  E3-deleted  virus  with  wild-type 
virus,  is  reported  to  outgrow  wild-type  in  tissue  culture  (92).  In  contrast,  however,  a recent 
report  of  an  E3  replacement  vector  encoding  hepatitis  B surface  antigen,  suggests  that  when 
delivered  as  a live  enteric  vaccine,  such  a virus  replicates  poorly  in  humans  compared  to 
wild-type  (93). 

4.4  Safety  of  Adenovirus  as  a Gene  Delivery  System 

Adenoviruses  have  an  impressive  safety  profile  in  clinical  use.  Serotypes  4 and  7 have 
been  used  as  live  enteric  vaccines  for  many  years  with  an  excellent  safety  record;  they  have 
been  used  to  treat  military  recruits  to  prevent  epidemic  acute  respiratory  disease  (94,95). 
However,  adenoviruses  are  regarded  as  tumor  viruses  in  that  injection  of  some  strains  into 
newborn  rodents  can  cause  tumors  and  infection  of  some  nonpermissive  cells  can  cause 
transformation  of  cellular  growth  (77).  Of  the  different  adenovirus  subgenera,  subgroup  A, 
including  Ad  12,  is  highly  oncogenic  in  newborn  animals;  subgenus  B including  Ad7  is 
weakly  oncogenic;  and  the  other  subgenera,  including  Ad2  and  Ad5  of  subgroup  C,  are 
considered  non-oncogenic  in  that  they  have  not  been  shown  to  induce  tumors  upon 
injection  into  animals  (96,97),  reviewed  in  75,80).  The  region  of  the  adenovirus  genome 
associated  with  oncogenicity  is  the  El  region,  encoding  Ela  with  immortalizing  activity 
and  Elb  with  transforming  ability. 

The  following  arguments  lead  us  to  believe  that  the  oncogenic  potential  of  adenovirus  2 
possesses  little  or  no  risk  to  human  patients  in  the  protocol  proposed  here: 

a.  Ad2  belongs  to  subgenus  C that  is  regarded  as  non-oncogenic. 

b.  The  genes  with  transforming  potential  have  been  deleted  from  our  vector. 

c.  Human  use  of  the  mildly  oncogenic  subgenus  B Ad7  strain  as  a live,  enteric,  human 
vaccine  has  proved  safe  in  millions  of  young  adults  over  many  years  (94,95). 

d.  Even  the  so  called  highly  oncogenic  strains  of  virus  are  not  particularly  efficient  at 
causing  tumors  in  rodents,  requiring  many  millions  of  virus  particles  per  event  (80). 

e.  No  naturally  occurring  tumors  in  any  animal  have  been  shown  to  be  caused  by 
adenoviruses  even  though  over  100  different  avian  and  mammalian  serotypes  are  known 
(80). 

f.  An  extensive  survey  of  human  tumors  revealed  no  evidence  of  adenovirus  DNA 
associated  with  neoplasia  (75,98,99). 

4.5  Potential  Disadvantages  of  Adenovirus  for  CF  Gene  Therapy 

Adenovirus  has  some  potential  disadvantages  for  gene  therapy. 

a.  Administration  of  the  virus  may  induce  an  immune  response.  An  immune  response 
could  reduce  the  efficacy  of  the  virus  by  producing  neutralizing  antibodies. 

b.  Of  more  immediate  concern,  an  immune  response  could  stimulate  an  inflammatory 
response  to  the  virus  which  could  exacerbate  problems  in  lung  function  in  patients  who 
already  have  compromised  activity. 
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c.  Another  potential  problem  with  the  administration  of  a live,  though  disabled  virus,  is  the 
possibility  of  virus  replication.  If  replication  were  to  occur  in  the  patient,  virus  could 
spread  to  other  persons  and  to  the  environment.  Replication  in  the  patient  could  occur,  by  a 
variety  of  means.  The  adenovirus  vector  itself,  though  disabled,  may  have  some  low  level 
ability  to  replicate.  The  missing  El  functions  could  be  provided  by  coinfection  with 
another  adenovirus;  by  coinfection  with  another  virus  able  to  provide  El -like  functions;  by 
expression  of  El  resulting  from  an  earlier  perhaps  now  latent  infection  (100);  or  by  host 
cell  proteins,  which  though  not  directly  related  to  the  El -encoded  proteins,  nevertheless 
were  able  to  mimic  their  activity  (101,102).  In  addition  to  complementation  of  viral 
activity,  a further  possibility  is  that  the  defective  virus  could  recombine  with  a related  virus 
either  by  homologous  recombination  or  by  illegitimate  means  so  as  to  create  a new  viral 
entity  with  novel  biological  properties. 

d.  The  adenovirus  vector  will  require  repeated  administration,  since  we  do  not  expect  to 
target  a progenitor  cell  and  we  expect  vector  expression  to  decrease  with  time.  Such 
repeated  administration  will  likely  be  necessary  for  almost  all  approaches  to  gene  therapy 
for  CF. 

In  Section  8.0  (the  NIH  Points  to  Consider),  we  address  these  issues  of  inflammation  and 
replication  and  describe  animal  and  tissue  culture  safety  experiments.  Those  results  lead  us 
to  believe  that  the  potential  risk  posed  by  these  factors  is  small  and  that  our  protocol  both 
minimizes  such  risks  and  allows  their  assessment. 


5.0  USE  OF  NASAL  EPITHELIUM  FOR  STUDIES  OF  GENE  THERAPY 


For  our  first  studies  of  gene  therapy,  we  propose  to  use  the  nasal  epithelium  for  several 
important  reasons. 

5.1  Nasal  and  Pulmonary  Epithelia  Have  Similar  Morphology  and  Function. 

As  indicated  above,  disease  of  the  pulmonary  airways  is  the  major  cause  of  morbidity  and 
mortality  in  CF.  However,  the  upper  airway  epithelium  that  lines  the  nasal  cavity  is  similar 
in  morphology  and  function  to  the  airway  epithelium  that  lines  the  lower  pulmonary 
airways. 

Most  importantly  for  our  studies,  CF  causes  similar  abnormalities  of  electrolyte  transport  in 
both.  Both  manifest  the  lack  of  CFTR  chloride  channel  function.  In  fact,  the  first  evidence 
to  suggest  that  CF  airway  epithelia  have  defective  electrolyte  transport,  was  a study  of  nasal 
airway  epithelium  (103).  Since  then,  many  in  vitro  and  in  vivo  studies  have  used  the  nasal 
epithelium  as  a model  of  the  lower  respiratory  tract  epithelium. 

5.2  Use  of  Nasal  Epithelium  Provides  Advantages  for  Safety. 

a.  Use  of  the  nasal  epithelium  will  allow  us  to  use  a very  small  total  amount  of  virus 
because  we  can  apply  it  to  a limited  area.  As  a result,  we  will  be  able  to  obtain  a great  deal 
of  useful  information,  but  at  the  same  time,  use  of  a small  amount  of  virus  will  minimize 
the  risk. 

b.  Use  of  the  nasal  epithelium  for  our  first  studies  of  the  recombinant  virus  has  the 
advantage  that  the  epithelium  is  more  readily  accessible  than  that  in  the  lower  airway  for 
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the  frequent  studies  required  to  test  safety  and  efficacy.  Because  it  is  more  accessible,  there 
will  be  less  patient  discomfort  and  risk. 

c.  Use  of  the  nasal  epithelium  will  allow  us  to  obtain  a biopsy  of  the  precise  area  to  which 
the  recombinant  virus  was  applied.  This  will  allow  an  assessment  of  cytopathic  effects  and 
the  inflammatory  response. 

d.  If  significant  inflammation  or  cytotoxicity  should  develop  as  a result  of  administration  of 
the  recombinant  virus,  the  consequences  to  the  patient  will  be  much  less  severe  if  they 
occur  in  the  nasal  epithelium  than  if  they  occur  more  generally  in  the  lung. 

5.3  Use  of  Nasal  Epithelium  Provides  Advantages  for  Assessing  Efficacy. 

Measurement  of  the  transepithelial  electrical  potential  difference  across  the  nasal 
epithelium  provides  an  easy  and  reliable  measure  of  the  chloride  transport  function  of  the 
epithelium  (103,104).  The  test  is  noninvasive;  it  only  involves  the  use  of  a small 
polyethylene  tube  to  probe  the  voltage  generated  across  the  nasal  mucosa.  Moreover,  the 
test  can  be  repeated  frequently  and  there  is  little  discomfort  to  the  patient.  Use  of  the  nasal 
epithelium  will  also  allow  us  to  assess  the  presence  of  mRNA  and  protein.  Thus,  the 
functional  and  biochemical  evaluation  of  recombinant  virus  application  can  be  more  readily 
performed  with  less  risk  to  the  patient  in  the  nasal  epithelium  then  in  the  pulmonary 
epithelium. 


6.0  IS  THE  USE  OF  AN  ADENOVIRUS  VECTOR  SAFE? 


Although  live  adenovirus  has  been  used  for  vaccine  purposes  and  an  E3  replacement 
recombinant  adenovirus  has  been  tested  in  limited  clinical  trials  (93),  there  is  clearly 
concern  as  to  whether  the  use  of  an  El  replacement  vector  will  be  safe.  These  issues  are 
dealt  with  in  detail  in  Section  8.0,  the  NIH  Points  to  Consider.  Here  we  highlight  what  we 
believe  to  be  novel  aspects  of  using  adenovirus  in  human  gene  therapy. 

6.1  Will  the  Virus  Cause  Immediate  Damage? 

Replication  of  wild-type  Ad2  is  usually  associated  with  only  minor  respiratory  ailments; 
the  vector  to  be  used  here  is  disabled  for  replication.  Doses  in  excess  of  104  times  the 
proposed  human  dose  (on  a mass/kg  basis)  have  been  tested  in  monkeys  and  hamsters  with 
only  a minor  transient  inflammatory  response. 

6.2  Will  the  Virus  Cause  Tumors? 

Although  some  adenoviruses  can  cause  tumors  in  newborn  animals,  no  naturally  occurring 
tumor  in  animals  or  humans  has  ever  been  associated  with  any  adenovirus  strain  (80,98,99). 
The  adenovirus  genes  associated  with  cellular  transformation  in  tissue  culture  are  deleted. 
Although  adenovirus  DNA  can  integrate,  this  is  not  part  of  the  normal  viral  replication 
cycle  and  there  is  no  evidence  for  insertional  mutagenesis. 

6.3  Will  the  Virus  Replicate? 

The  vector  proposed  here  is  doubly  defective:  it  lacks  a crucial  early  viral  gene,  El, 
required  for  viral  replication  and  it  contains  a genome  of  104.5%  normal  size  which  renders 
it  difficult  to  package.  Although  we  present  data  for  limited  viral  DNA  synthesis,  we  have 
no  evidence  for  replication  of  the  adenovirus  vector  in  tissue  culture  cells,  in  monkeys,  or 
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in  hamsters  at  doses  that  in  some  cases  greatly  exceed  the  proposed  human  dose,  both  in 
terms  of  total  virus  added  and  multiplicity  of  infection  per  cell. 

6.4  Will  the  Virus  Recombine? 

Homologous  recombination  occurs  at  reasonable  frequency  within  adenoviruses  of  the 
same  subgroup  (105),  but  the  products  of  such  recombination  would  be  very  similar  to  the 
starting  materials.  Recombination  between  subgroups  does  not  appear  to  occur.  The  only 
viable  products  of  non-homologous  or  illegitimate  recombination  would  necessarily 
contain  El -like  sequences  and  delete  other  sequences  in  viral  or  CFTR  coding  regions. 
Such  products  would  likely  be  overgrown  by  wild-type  virus  and  subsequently  become  self 
limiting.  To  ensure  this,  we  will  only  treat  patients  seropositive  for  Ad2. 

6.5  Will  Virus  Growth  Be  Complemented? 

The  growth  of  the  El-deleted  vector  could  be  complemented  by  provision  of  El  gene 
function.  Growth  of  the  present  vector  is  so  disabled,  however,  that  even  under  the  most 
favorable  conditions,  wild-type  virus  rapidly  overgrows  the  defective  virus. 
Complementation  by  provision  of  a cellular  protein  with  El -like  activity  is  a theoretical 
possibility  (101,102).  We  have  not  detected  virus  replication  in  tissue  culture  cells  or  in 
animals,  but  this  possibility  cannot  be  discounted.  For  this  reason  we  plan  as  an  exclusion 
criterion  the  presence  of  El  sequences  detectable  by  PCR  in  the  nasal  brush  samples  taken 
prior  to  treatment. 

6.6  Will  the  Virus  Be  Sufficiently  Pure? 

To  alleviate  the  possibility  of  introducing  another  human  virus  along  with  the  adenovirus, 
the  parent  cell  lines  and  the  viral  seed  stock  will  be  extensively  tested  for  biological  agents. 
We  will  also  test  for  cellular  transforming  activity  in  the  preparations.  A PCR  procedure 
capable  of  detecting  1 part  wild-type  virus  in  108  El  deleted  virus  will  also  be  used.  The 
presence  of  wild- type  virus  below  this  level  perhaps  originating  from  recombination 
between  Ad2/CFTR-1  and  the  endogenous  Ad5  El  sequences  in  293  cells  should  become 
apparent  in  the  extended  in  vitro  viral  tests  on  the  virus  seed  stock. 

6.7  Will  Administration  Be  Immunogenic? 

Our  data  in  monkeys  and  hamsters  show  that  they  mount  an  immune  response  to  introduced 
adenovirus  vector.  This  could  lead  to  a reduction  of  efficacy  in  protocols  requiring 
multiple  administrations  and  we  plan  to  test  this  in  animals.  However,  for  the  present 
human  protocol  we  plan  only  a single  application  in  each  patient. 

6.8  Does  the  Protocol  Minimize  Risk? 

The  present  protocol  proposes  to  treat  3 patients  and  to  use  minimal  amounts  of  virus 
consistent  with  the  gathering  of  safety  and  limited  efficacy  data.  We  believe  that  the 
provisions  for  the  health  of  the  patients,  their  care  givers,  visitors,  and  the  public  do 
minimize  risk. 
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7.0  SPECIFIC  AIMS 


The  foregoing  considerations  indicate  that  gene  therapy  would  be  a major  advance  in  the 
treatment  of  CF.  They  also  suggest  that  adenovirus  may  be  a good  vector  system  for 
correcting  the  CF  pulmonary  defect.  In  section  8.0  (the  NIH  Points  to  Consider),  we 
provide  data  that  a recombinant  adenovirus  encoding  CFTR  can  be  used  to  complement  the 
CF  airway  epithelial  electrolyte  transport  abnormality.  We  also  provide  safety  data  for  the 
vector. 

Thus,  we  believe  that  it  is  now  appropriate  to  test  the  feasibility  of  gene  therapy  in  CF 
patients.  We  believe  an  appropriately  designed  protocol  which  uses  minimal  amounts  of 
adenovirus  and  which  is  designed  to  minimize  the  risk  to  the  patients  is  of  critical 
importance  in  directing  future  research.  Other  approaches  might  be  taken  to  introduce 
DNA  into  the  airway  cells  of  CF  patients  if  adenovirus  proves  ineffective.  On  the  other 
hand,  there  are  many  future  generations  of  adenovirus  that  can  be  envisaged  that  would 
improve  its  properties  as  a gene  delivery  vector.  Thus,  there  is  an  urgent  need  for  data  in 
humans  to  guide  which  direction  future  research  should  take.  We  believe  the  present 
protocol  would  provide  such  guidance,  but  at  the  same  time,  minimize  any  possible  risk  to 
the  patient. 

There  are  three  specific  aims  of  the  proposed  study. 

7.1  Assess  safety  of  the  current  recombinant  adenoviral  vector/CFTR  gene  construct  when 
applied  to  human  airway  epithelium  in  vivo.  This  aim  will  assess  the  possibility  that  the 
recombinant  virus  will  produce  local  inflammation  or  injury  of  the  airway  epithelium.  It 
will  also  determine  the  time  after  administration  that  the  live  virus  disappears  from  the 
nasal  epithelium  and  will  test  for  any  possible  subsequent  virus  replication. 

7.2  Assess  efficacy  of  the  recombinant  adenoviral  vector/CFTR  gene  construct  in  human 
airway  epithelium  in  vivo.  This  aim  will  assess  the  ability  of  the  viral  construct  to  deliver 
the  cDNA  for  CFTR  to  respiratory  epithelium  in  vivo,  the  ability  of  the  transferred  cDNA 
to  direct  the  expression  of  CFTR  protein,  the  ability  of  that  process  to  correct  the  CF 
chloride  transport  defect,  and  the  duration  of  these  effects. 

7.3.  Assess  the  effect  of  dose  of  recombinant  adenoviral  vector/CFTR  gene  construct  on  safety 
and  efficacy. 
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8.0  NIH  POINTS  TO  CONSIDER 


I.  DESCRIPTION  OF  PROPOSAL 

A.  OBJECTIVES  AND  RATIONALE  OF  THE  PROPOSED  RESEARCH. 

State  concisely  the  overall  objectives  and  rationale  of  the  proposed  study.  Please 
provide  information  on  the  specific  points  that  relate  to  whichever  type  of  research  is 
being  proposed. 

The  overall  objectives  of  the  proposed  study  are  to  use  a recombinant  adenovirus  to  deliver 
CFTR  to  the  nasal  epithelium  of  CF  patients  to:  a)  assess  the  safety  of  this  adenovirus 
vector  when  applied  to  human  airway  epithelium  in  vivo ; b)  assess  the  efficacy  in 
correcting  the  chloride  transport  defect  in  vivo\  and  c)  assess  the  effect  of  dose  of 
recombinant  adenovirus  on  both  safety  and  efficacy.  The  results  will  also  provide  guidance 
for  the  future  direction  of  CF  gene  therapy. 

The  rationale  for  the  proposed  study  is  as  follows:  CF  is  the  most  common  lethal  genetic 
disease  of  Caucasians  (1-3).  Despite  current  standard  therapy  of  CF,  the  median  age  of 
survival  is  only  26  years.  CF  is  caused  by  mutations  in  the  gene  encoding  CFTR  (4-6). 
Recently  obtained  knowledge  of  the  gene  that  encodes  CFTR,  an  understanding  of  the 
function  and  biochemistry  of  the  protein  product  (7),  and  insight  into  the  molecular  basis  of 
the  disease  (32,48,57-59),  suggests  that  gene  replacement  therapy  could  represent  an 
important  advance  in  the  treatment  of  this  disease.  Eventually,  we  hope  to  use  recombinant 
adenovirus  to  deliver  CFTR  to  the  airway  epithelium.  In  our  initial  studies,  we  will  target 
the  nasal  epithelium,  because  it  will  allow  us  to  test  both  efficacy  and  safety  with  the  least 
risk  to  the  patients. 

A.l.  Use  of  Recombinant  DNA  for  Therapeutic  Purposes. 

Our  present  protocol  will  not  be  of  therapeutic  benefit  to  the  participants.  Correction  of  the 
genetic  defect  is  likely  to  be  limited  to  the  area  of  virus  application  in  the  nose  and  to  be 
transient.  However,  we  believe  the  information  obtained  from  this  study  regarding  safety, 
efficacy,  and  dosing  are  critical  before  studies  of  bronchial  administration  can  be  safely 
performed.  They  will  also  guide  the  design  of  future  generations  of  adenovirus. 

A.l.a.  Why  is  the  disease  selected  for  treatment  bv  means  of  gene  therapy  ? 

Despite  current  standard  therapy,  CF  remains  a lethal  disease.  There  is  no  treatment  that 
corrects  the  basic  defect.  Nevertheless,  the  location  of  the  target  tissue,  the  understanding 
of  the  biology  of  CFTR,  and  the  vector/delivery  system  provide  an  excellent  opportunity 
for  safe  gene  replacement  therapy. 

A.l.b.  Describe  the  natural  history  and  range  of  expression  of  the  disease  selected  for 
treatment  What  objective  and/or  quantitative  measures  of  disease  activity  are 
available?  In  your  view,  are  the  usual  effects  of  the  disease  predictable  enough  to 
allow  for  meaningful  assessment  of  the  results  of  gene  therapy? 

We  describe  the  natural  history  in  Section  2.1.  Disease  activity  is  routinely  measured  with 
history  and  physical  examination,  chest  X-rays,  pulmonary  function  tests,  and  sputum 
cultures.  The  basic  defect  in  the  airway  epithelium  can  be  assessed  biochemically  and 
functionally  by  measurement  of  the  transepithelial  electrical  potential  difference  across  the 
nasal  epithelium  (103,104).  The  biochemical  defects  to  be  measured  here  are  very 
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predictable.  Furthermore,  clinical  studies  suggest  that  the  clinical  course  is  sufficiently 
predictable  to  allow  for  the  meaningful  assessment  of  future  protocols  aimed  at  delivering 
the  gene  to  airway  epithelia. 

A.l.c.  Is  the  protocol  designed  to  prevent  all  manifestations  of  the  disease,  to  halt  the 
progression  of  the  disease  after  symptoms  have  begun  to  appear,  or  to  reverse 
manifestation  of  the  disease  in  seriously  ill  victims? 

The  protocol  is  designed  to  test  the  safety,  efficacy  and  dose  of  Ad2/CFTR-1.  Because 
application  will  be  limited  to  the  nasal  epithelium,  it  will  not  reverse  manifestations  of 
disease. 

A.l.d  What  alternative  therapies  exist?  In  what  groups  of  patients  are  these  therapies 
effective?  What  are  their  relative  advantages  and  disadvantages  as  compared  with 
the  proposed  gene  therapy? 

We  described  standard  therapies  for  CF  in  Section  2.2.  At  present  there  are  no  therapies 
designed  to  correct  the  fundamental  defect.  Participants  will  continue  with  all  their  current 
therapies  during  the  course  of  the  study. 

A.2.  Transfer  of  DNA  for  Other  Purposes. 

Not  applicable. 


B.  RESEARCH  DESIGN.  ANTICIPATED  RISKS  AND  BENEFITS. 

B.l.  Structure  and  characteristics  of  the  biological  system. 

Provide  a full  description  of  the  methods  and  reagents  to  be  employed  for  gene 
delivery  and  the  rationale  for  their  use.  The  following  are  specific  points  to  be 
addressed; 

B.l.a.  What  is  the  structure  of  the  cloned  DNA  that  will  be  used? 

B.l.a.(l)  Describe  the  gene  (genomic  or  cDNA),  the  bacterial  plasmid  or  phage  vector,  and 
the  delivery  vector  (if  any).  Provide  complete  nucleotide  sequence  analysis  or  a 
detailed  restriction  enzyme  map  of  the  total  construct. 

The  cloned  DNA  to  be  used  in  the  protocol  was  derived  from  Ad2  DNA  and  fragments  of 
CFTR  DNA.  All  of  the  DNA  samples  were  originally  obtained  from  ATCC  and  the 
construct  assembled  at  Genzyme.  The  DNA  construct  comprises  a full  length  copy  of  the 
Ad2  genome  of  approximately  37.5  kb,  from  which  the  early  region  1 genes  (present  at  the 
5'  end  of  the  viral  DNA)  have  been  deleted  and  replaced  by  the  cDNA  for  CFTR. 
Specifically,  nucleotides  546  to  3497  of  Ad2  DNA  are  replaced  with  nucleotides  123-4622 
of  the  published  CFTR  sequence  with  53  additional  linker  nucleotides.  The  topology  of  the 
5'  end  of  the  recombinant  molecule  is  illustrated  in  Figure  2.  The  nucleotide  sequence  of 
the  portion  of  Ad2  molecule  that  has  been  manipulated  is  given  as  Appendix  8.  The 
remainder  of  the  viral  DNA  is  published  in  reference  106. 

The  predicted  CFTR  transcript  comprises  a hybrid  5'  untranslated  region  containing  46 
nucleotides  of  Ela  upstream  sequences,  47  bp  of  sequences  derived  from  synthetic  linkers 
and  10  nucleotides  derived  from  the  CFTR  insert.  The  CFTR  coding  sequence  comprises 
nucleotides,  603-5045  of  the  recombinant  virus  and  104-4546  of  the  hybrid  Ela-CFTR-Elb 
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Figure  2.  Schematic  of  5’  5.6kb  of  Ad2/CFTR-1 


mRNA.  Within  the  CFTR  cDNA  there  are  two  differences  from  the  published  (5)  cDNA 
sequence.  An  A to  C change  at  position  1990  of  the  CFTR  cDNA  (published  CFTR  cDNA 
coordinates)  which  was  an  error  in  the  original  published  sequence,  and  a T to  C change 
introduced  at  position  936.  The  change  at  position  936  is  silent  but  increases  the  stability 
of  the  cDNA  when  propagated  in  bacterial  plasmids  (22,57).  The  3'  untranslated  region 
comprises  6 bp  of  linker  sequences  and  approximately  485  nucleotides  (following  removal 
of  spliced  out  nucleotides)  derived  from  the  Elb  mRNA.  Although  the  adenovirus  protein 
IX  coding  sequence  is  embedded  within  the  3'  Elb  derived  untranslated  region,  the  protein 
IX  transcript  is  independent  of  the  CFTR  transcript. 

Although  the  activity  of  CFTR  can  be  measured  readily  by  electrophysiological  methods,  it 
is  relatively  difficult  to  detect  biochemically  or  immunocytochemically,  particularly  at  low 
levels  of  expression  (22,32).  We,  therefore,  constructed  a very  similar  adenovirus  vector 
encoding  B-galactosidase  containing  a nuclear  localization  signal.  This  vector  is  useful  for 
some  efficacy  and  marking  experiments,  and  also  for  safety  studies.  The  Ad2/BGal-l 
vector  is  identical  to  the  CFTR  virus,  except  that  in  place  of  the  CFTR  cDNA,  an 
approximately  3.3  kb  sequence  encoding  E.  coli  6-galactosidase  fused  to  an  SV40  T- 
antigen  nuclear  localization  signal  was  inserted  (107). 

Because  this  vector  is  smaller  (approximately  101%  of  wild-type)  than  Ad2/CFTR-1,  it 
replicates  more  readily  in  293  cells  (i.e.,  108  - 109  PFU/ml  vs.  107  - 108  PFU/ml  for 
Ad2/CFTR-1).  For  some  safety  studies,  we  used  the  Ad2/6Gal-l  virus  as  a more  sensitive 
means  for  testing  the  possibility  of  vector  replication. 

B.l.a.(2)  What  regulatory  elements  does  the  construct  contain  (e.g..  promoters,  enhancers, 
polvadenvlation  sites,  replication  origins,  etc.)?  From  what  source  are  these  elements 
derived?  Summarize  what  is  currently  known  about  the  regulatory  character  of  each 
element. 

All  the  regulatory  elements  used  in  the  construct  are  the  endogenous  Ad2  control  elements. 
The  promoter/enhancer  responsible  for  transcription  of  the  CFTR  cDNA  is  the  El  a 
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promoter.  This  is  known  to  be  expressed  at  moderate  levels  in  a wide  variety  of  cells. 
Termination/polyadenylation  occurs  at  the  site  normally  used  by  the  El b and  protein  IX 
transcripts.  An  endogenous  84  bp  intron  is  present  between  the  coding  sequences  for 
CFTR  and  protein  IX. 

The  regulation  of  the  E la  promoter  has  been  studied  extensively,  since  it  was  one  of  the 
earliest  and  most  readily  available  eukaryotic  transcriptional  control  regions  (108-110, 
reviewed  in  111).  The  transcription  factors  that  bind  the  E la  promoter  are  well 
characterized  (reviewed  in  1 12,1 13).  The  promoter  has  been  transferred  into  a wide  variety 
of  cells  and  shown  to  be  active  in  transcription  of  marker  genes.  Promiscuous  expression 
perhaps  reflects  the  role  of  E la  in  the  early  stages  of  viral  replication  where  it  might 
encounter  different  host  cells  in  various  stages  of  proliferation  (77). 

Adenovirus  DNA  replication  has  been  extensively  studied  (reviewed  in  75  and  in  114)  and 
in  vitro  systems  for  replication  of  adenovirus  DNA  have  been  developed  (1 15,1 16).  These 
studies  have  allowed  the  dissection  of  the  adenoviral  DNA  replication  process  and  have 
identified  virally  encoded  proteins  of  the  E2  transcriptional  unit  involved  in  DNA 
replication  as  well  as  a number  of  host  cell  encoded  factors  involved  in  the  process.  In 
addition,  the  viral  DNA  sequences  within  the  terminal  repeats  which  are  required  for  DNA 
replication  have  been  defined  for  Ad2,  Ad5,  and  Ad4  (1 17,1 18).  The  relative  permissivity 
of  a specific  cell  to  adenovirus  DNA  replication  is  thus  a result  of  complex  interactions 
between  host-encoded  nuclear  factors,  virally  encoded  replication  machinery  and  specific 
sequences  within  the  terminal  repeats. 

In  addition,  in  quiescent  cells,  replication  of  viral  DNA  is  dependent  upon  the  ability  of  the 
virus  to  stimulate  the  infected  cell  into  a proliferative  state  able  to  support  efficient  viral 
replication  (77).  It  has  been  proposed  that  one  of  the  functions  of  the  adenovirus  Ela-12S 
protein  is  to  induce  infected  cells  to  enter  such  a proliferative  state  by  displacing 
transcription  factor  E2F  from  the  retinoblastoma  gene  product,  thereby  leading  to  activation 
of  genes  required  for  efficient  DNA  synthesis  as  well  as  viral  transactivation  (119).  E4 
gene  products  also  play  a role  in  activation  of  E2F  (120).  Thus,  as  for  DNA  synthesis, 
adenovirus  gene  expression  is  a complex  series  of  cooperative  reactions  involving  both  host 
cell  proteins  and  multiple  viral  gene  products.  Cells  that  are  already  in  a proliferative  state 
may  be  capable  of  supporting  limited  adenovirus  replication  in  the  absence  of  El  a 
transactivation.  Therefore,  experiments  with  proliferating  cells  in  tissue  culture  may  not 
accurately  reflect  the  replicative  ability  of  an  E la-deleted  virus  upon  infection  of  a 
quiescent  cell. 

In  addition  to  the  elements  expected  to  be  involved  in  the  expression  and  replication  of  the 
Ad2/CFTR-1  vector,  many  other  regulatory  sequences  are  present  within  the  remainder  of 
the  Ad2  genome.  Expression  of  these  sequences  is  expected  to  be  low  and  to  have  little 
influence  on  CFTR  expression. 

B.l.a.(3)  Describe  the  steps  used  to  derive  the  DNA  construct. 

Construction  of  the  recombinant  Ad2/CFTR-1  virus  was  accomplished  as  follows  (Fig.  3 
and  4).  The  CFTR  cDNA  was  excised  from  the  plasmid  pCMV-CFTR-936C  using 
restriction  enzymes  Spel  and  Eel  1361.  pCM V -CFTR-936C  consists  of  a minimal  CFTR 
cDNA  encompassing  nucleotides  123-4622  of  the  published  CFTR  sequence  cloned  into 
the  multiple  cloning  site  of  pRC/CMV  (Invitrogen  Corp.)  using  synthetic  linkers.  The 
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Figure  3.  Construction  of  the  Ad2/CFTR-1  vector 


CFTR  eDNA  within  this  plasmid  has  been  completely  sequenced.  The  Spel/Ecll36I 
restriction  fragment  contains  47  bp  of  5'  sequence  derived  from  synthetic  linkers  and  the 
multiple  cloning  site  of  the  vector. 

The  CFTR  cDNA  was  inserted  between  the  Nhel  and  SnaB  1 restriction  sites  of  the 
adenovirus  gene  transfer  vector  pBR-Ad2-7.  pBR-Ad2-7  is  a pBR322  based  plasmid 
containing  an  approximately  7kb  insert  derived  from  the  5'  10680  bp  of  Ad2  inserted 
between  die  Clal  and  BamHI  sites  of  PBR322.  From  this  Ad2  fragment,  we  have  deleted 
sequences  corresponding  to  Ad2  nucleotides  546-3497  and  replaced  them  with  a 12  bp 
multiple  cloning  site  containing  an  Nhel  site,  an  Mlul  site,  and  a SnaBl  site.  The  construct 
also  contains  the  5'  inverted  terminal  repeat  and  viral  packaging  signals,  the  El  a enhancer 
and  promoter,  the  Elb  3'  intron  and  the  3'  untranslated  region  and  polyadenylation  sites. 
The  resulting  plasmid  was  called  pBR-Ad2-7/CFTR.  Its  use  to  assemble  virus  is  described 
in  Blb(l)b. 
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B.l.b.  What  is  the  structure  of  the  material  that  will  be  administered  to  the  patient? 

B.l.b.(l)  Describe  the  preparation,  structure,  and  composition  of  the  materials  that  will  be 
given  to  the  patient  or  used  to  treat  the  patients'  cells. 

B.l.b.(l)(a)  If  DNA.  what  is  the  purity  (both  in  terms  of  being  a single  DNA  species  and  in 
terms  of  other  contaminants')?  What  tests  have  been  used  and  what  is  the  sensitivity 
of  the  tests? 

Not  applicable 

B.l.b. (l)(b)  If  a virus,  how  is  it  prepared  from  the  DNA  construct?  In  what  cell  is  the  virus 
grown  (any  special  features)?  What  medium  and  serum  are  used?  How  is  the  virus 
purified?  What  is  its  structure  and  purity?  What  steps  are  being  taken  (and  assays 
used  with  their  sensitivity)  to  detect  and  eliminate  any  contaminating  materials  (for 
example.  VL30  RNA.  other  nucleic  acids,  or  proteins)  or  contaminating  viruses  (both 
replication-competent  or  replication-defective)  or  other  organisms  in  the  cells  or 
serum  used  for  preparation  of  the  virus  stock  including  any  contaminants  that  may 
have  biological  effects? 
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1.  Virus  preparation  from  DNA 

To  generate  the  recombinant  Ad2/CFTR-1  adenovirus,  the  vector  pBR-Ad2-7/CFTR  was 
cleaved  with  BstBl  at  the  site  corresponding  to  the  unique  BstBl  site  at  10670  in  Ad2  (Fig. 
4).  The  cleaved  plasmid  DNA  was  ligated  to  BstBl  restricted  Ad2  DNA.  Following 
ligation,  the  reaction  was  used  to  transfect  293  cells  by  the  calcium  phosphate  procedure. 
Approximately  7-8  days  following  transfection,  a single  plaque  appeared  and  was  used  to 
reinfect  a dish  of  293  cells.  Following  development  of  cytopathic  effect  (CPE),  the 
medium  was  removed  and  saved.  Total  DNA  was  prepared  from  the  infected  cells  and 
analyzed  by  restriction  analysis  with  multiple  enzymes  to  verify  the  integrity  of  the 
construct.  Viral  supernatant  was  then  used  to  infect  293  cells  and  upon  development  of 
CPE,  expression  of  CFTR  was  assayed  by  the  cAMP-dependent  protein  kinase  (PKA) 
immunoprecipitation  assay  (22).  Following  these  verification  procedures,  the  virus  was 
further  purified  by  two  rounds  of  plaque  purification. 

Plaque  purified  virus  was  grown  into  a small  seed  stock  by  inoculation  at  low  multiplicities 
of  infection  onto  293  cells  grown  in  monolayers  in  925  medium  supplemented  with  10% 
bovine  calf  serum  (details  below).  Material  at  this  stage  was  designated  a Research  Viral 
Seed  Stock  (RVSS)  and  was  used  in  all  preliminary  experiments. 

2.  Virus  Host  Cell 

Ad2/CFTR-1  is  propagated  in  human  293  cells  (ATCC  CRL1573).  These  cells  are  a 
human  embryonal  kidney  cell  line  which  were  immortalized  with  sheared  fragments  of 
human  Ad5  DNA.  This  cell  line  was  established  in  the  early  1970s  in  Leiden,  Holland 
prior  to  widespread  HIV  infection  in  the  population.  The  293  cell  line  expresses 
adenovirus  early  region  1 gene  products  and  consequently,  supports  the  growth  of  El 
deficient  adenoviruses.  By  analogy  with  retroviruses,  293  cells  could  be  considered  a 
packaging  cell  line,  but  they  differ  from  usual  retrovirus  lines  in  that  they  do  not  provide 
missing  viral  structural  proteins;  rather,  they  provide  only  some  missing  viral  early 
functions. 

Production  lots  of  virus  are  propagated  in  293  cells  derived  from  the  Working  Cell  Bank 
(WCB).  The  WCB  is  in  turn  derived  from  the  Master  Cell  Bank  (MCB)  which  was  grown 
up  from  a fresh  vial  of  cells  obtained  from  ATCC.  Because  293  cells  are  of  human  origin, 
they  are  being  tested  extensively  for  the  presence  of  biological  agents.  The  MCB  and 
WCB  are  being  characterized  for  identity  and  the  absence  of  adventitious  agents  by 
Microbiological  Associates,  Rockville,  MD.  The  tests  to  be  performed  on  the  MCB  and 
WCB  are  summarized  below.  Results  of  these  tests,  and  similar  tests,  will  be  reviewed  by 
the  FDA  before  beginning  the  clinical  trial. 

3.  Tests  for  the  293  Master  Cell  Bank 

Sterility  - Tests  for  the  presence  of  bacterial  and  fungal  contaminants  will  be  performed 
according  to  21  CFR  610.12. 

Mycoplasma  - Tests  for  the  presence  of  agar-cultivable  and  non-cultivable  mycoplasma 
will  be  performed  according  to  guidelines  outlined  in  the  FDA  "Points  to  Consider  in  the 
Characterization  of  Cell  Lines  Used  to  Produce  Biologicals  (1987),  Attachment: 
Recommended  Test  Procedures  for  Mycoplasmas". 

Identity  - The  species  of  origin  of  the  293  cells  will  be  identified  by  means  of  isozyme  and 
cytogenetic  analyses. 
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Retroviral  Particles  - The  presence  of  retroviral  particles  will  be  assessed  by  electron 
microscopic  analysis  of  fixed,  embedded,  and  sectioned  293  cell  pellets. 

In  Vitro  Viral  Test  - The  presence  of  viral  contamination  will  be  evaluated  by  cultivation  of 
293  cell  lysates  on  MRC-5  (ATCC  CCL171)  and  VERO  (ATCC  CCL81)  cells.  The 
presence  of  viral  contaminants  will  be  assessed  by  screening  for  cytopathic  effects  (CPE) 
and  hemagglutination/hemadsorption  after  14  days  of  culture.  To  enhance  sensitivity  of 
this  assay,  blind  passage  of  inoculated  cell  cultures  will  also  be  performed. 

In  Vivo  Viral  Test  - The  presence  of  inapparent  viral  contamination  will  be  evaluated  using 
a number  of  in  vivo  indicator  systems,  including  adult  mice,  suckling  mice,  guinea  pig,  and 
embryonated  hen  eggs  (yolk  sac  and  allantoic  routes  of  administration).  These  tests  will  be 
made  by  direct  inoculation  for  all  test  systems,  as  well  as  blind  passage  into  additional 
suckling  mice  and  embryonated  eggs.  All  animals  and  eggs  will  be  monitored  for 
morbidity  and  mortality. 

Bovine  Viruses  - The  presence  of  bovine  viral  contamination  will  be  evaluated  by 
cultivation  of  293  cell  lysate  on  BT  cells  (bovine  turbinate,  ATCC  CLR  1390).  This  test 
will  detect  the  presence  of  bovine  viral  diarrhea  virus,  infectious  bovine  rhinotracheitis, 
bovine  adenovirus,  bovine  parvovirus,  and  parainfluenza  3.  After  14  days,  the  cultures  will 
be  examined  for  CPE  and  screened  for  the  presence  of  viral  antigens  with 
immunofluorescence  localization  techniques. 

Porcine  Parvovirus  - The  presence  of  porcine  parvovirus  originating  from  trypsin  used  to 
passage  cells  will  be  evaluated  by  the  cultivation  of  293  cell  lysate  on  PT-1  (porcine 
testicular)  cells.  After  14  days,  the  cultures  will  be  examined  for  CPE  and  screened  for  the 
presence  of  viral  antigen  with  immunofluorescence  localization  techniques. 

Human  Epstein  - Barr  Virus  - The  presence  of  EBV  contamination  will  be  evaluated  by 
Southern  blot  analysis. 

Human  cytomegalovirus  - The  presence  of  CMV  contamination  will  be  evaluated  by  the 
cultivation  of  293  cell  lysate  on  MRC-5  cells.  Cultures  will  be  examined  for  CPE  and 
screened  for  the  presence  of  viral  antigen  with  immunofluorescence  localization 
techniques.  Blind  passage  of  inoculated  cultures  will  be  performed  at  21-28  days. 

Human  Hepatitis  B - The  presence  of  Hepatitis  B contamination  will  be  determined  by 
testing  of  293  cell  culture  supernatants  for  Hepatitis  B surface  antigen  with  a monoclonal 
ELISA  technique. 

Human  Immunodeficiency  Virus  - The  presence  of  HIV  will  be  evaluated  by  the 
inoculation  of  293  cell  lysates  onto  phytohemagglutinin  stimulated  human  peripheral  blood 
lymphocytes.  The  cultures  will  be  monitored  for  CPE  and  syncytium  formation.  Culture 
supernatants  will  be  evaluated  by  ELISA  for  the  presence  of  HIV-1  p24  antigen. 

Human  parvoviruses  - The  presence  of  adeno-associated  virus  and  B19  contamination  will 
be  evaluated  by  Southern  Blot  analysis. 

4.  Tests  for  the  293  Working  Cell  Bank 

The  WCB  will  be  tested  for  sterility  and  mycoplasma. 
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5.  Medium  and  Serum 

The  293  cells  are  grown  in  925  medium.  This  is  a proprietary  protein-free  medium 
developed  at  Genzyme  for  the  growth  of  recombinant  cells  and  has  been  used  to  produce  a 
variety  of  recombinant  proteins,  two  of  which  are  currently  in  human  clinical  trials.  The 
serum  used  is  10%  Donor  Calf  Serum  (DCS)  obtained  from  vendors  which  utilize  only 
non-European  sources.  The  DCS  is  certified  by  the  vendor  to  be  free  of  adventitious  viral 
agents,  including  bovine  diarrhea  virus,  parainfluenza  3,  infectious  bovine  rhinotracheitis, 
and  other  agents  capable  of  causing  cytopathic  effects.  Porcine  trypsin  used  in  the  cell 
culture  process  is  also  certified  by  the  vendor  to  be  free  of  porcine  parvovirus  and 
mycoplasma. 

6.  Growth  of  Virus  Seed 

To  generate  a Master  Viral  Seed  Stock  (MVSS),  a sample  of  an  RVSS  shown  to  contain  the 
required  recombinant  is  propagated  on  a fresh  batch  of  human  293  cells  obtained  from 
ATCC  at  the  same  time  as,  and  of  the  same  lot  as  used  to  initiate  the  MCB.  Details  of  the 
conditions  for  growth  of  virus  are  given  below. 

7.  Tests  for  Master  Viral  Seed  Stock  (to  be  performed  by  Microbiological  Associates) 

The  MVSS  will  be  characterized  by  Microbiological  Associates,  Rockville,  MD,  and 
Genzyme,  Framingham,  MA.  The  test  to  be  performed  by  Microbiological  Associates  are 
listed  below.  Summaries  of  these  tests  are  listed  above  in  the  Master  Cell  Bank 
characterization  section. 

Sterility 

Mycoplasma 

Retrovirus-Electron  Microscopy 
In  Vitro  Virus 
Human  Viruses 
EBV 
CMV 
HIV 

Parvoviruses:  AAV,  B 19 

8.  Tests  for  Master  Viral  Seed  Stock  (to  be  performed  by  Genzyme) 

Identity  - Restriction  maps  of  DNA  from  the  viral  seed  stock  will  be  compared  to 
restriction  fragment  sizes  predicted  by  DNA  sequence  of  the  viral  vector.  SDS 
polyacrylamide  gel  electrophoresis  for  identification  of  major  viral  proteins  will  also  be 
performed. 

Purity  - The  absence  of  wild-type  adenovirus  will  be  assessed  by  PCR  analysis  of  the  viral 
seed  stock.  For  PCR  screening  three  sets  of  primers  are  used.  The  first  hybridizes  to 
nucleotides  3076  to  3092  and  4487  to  4482  and  produces  a 1.4  kd  band  specific  for  wild- 
type  Ad2  and  Ad5.  The  primers  of  this  set  map  in  Elb  and  sequences  3'  to  early  region  1. 

In  consequence,  a signal  is  not  obtained  from  El  deleted  recombinant  viruses  nor  from  the 
El  region  integrated  in  293  cells.  The  second  set  is  specific  for  Ela  and  hybridizes  to 
nucleotides  771  to  788  and  1144  to  1129  of  Ad2  to  produce  a 373  bp  band.  This  primer  set 
will  also  detect  Ad5  and  the  integrated  sequences  in  293  cells.  A third  set  hybridizes  to  the 
viral  E4  at  nucleotides  33178  to  33196  and  34032  to  34065  to  generate  an  approximately 
900  bp  band. 
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Mixing  experiments  adding  wild-type  Ad2  sequences  to  preparations  of  El-deleted  virus 
with  primer  set  2 indicate  that  we  can  detect  10  molecules  of  wild-type  DNA  in  the 
presence  of  109  particles  of  El -deficient  virus. 

Concentration  - The  total  particle  concentration  of  the  viral  seed  stock  will  be  measured  by 
absorbance  at  260  nm  (A260X  where  1.0  OD  (A26O)  = 1.1  x 1012  particles. 

Activity  - The  infectious  unit  concentration  of  the  viral  seed  stock  will  be  measured  by  end- 
point CPE  titration  assays  and  verified  using  immunofluorescence  using  FITC-conjugated 
Ad  antibody  (Chemicon). 

9.  Growth  of  Production  Lots  of  Virus 

Production  lots  of  Ad2/CFTR- 1 will  be  produced  by  inoculation  of  approximately  5 to 
10  x 107  PFU  of  MVSS  onto  approximately  1-2  x 107  WCB  293  cells  grown  in  a T175 
flask  containing  25  mis  of  925  medium.  Inoculation  is  achieved  by  direct  addition  of  the 
virus  (approximately  2-5  mis)  to  each  flask.  Batches  of  50-60  flasks  constitute  a lot. 

Following  40-48  hours  incubation  at  37°C,  the  cells  are  shaken  loose  from  the  flask  and 
transferred  with  medium  to  a 250  ml  centrifuge  bottle  and  spun  at  1000  xg.  The  cell  pellet 
is  resuspended  in  4 ml  phosphate  buffered  saline  containing  0.1  g/1  CaCl2  and  0.1  g/1 
MgCl2-  The  protease  inhibitors  aprotinin  (0.1  |ig/ml)  and  leupeptin  (0.5  fig/ml)  are  added 
and  the  cells  subjected  to  two  cycles  of  freeze-thaw  to  release  virus.  Cellular  debris  is 
removed  by  centrifugation  at  1000  xg  for  15  min.  The  supernatant  from  this  centrifugation 
is  layered  on  top  of  the  CsCl  step  gradient:  2 ml  1.4  g/ml  CsCl  and  3 ml  1.25  g/ml  CsCl  in 
10  mM  Tris,  1 mM  EDTA  (TE)  and  spun  for  1 hour  at  35000  rpm  in  a Beckman  SW41 
rotor.  Virus  is  then  removed  from  the  interface  between  the  two  CsCl  layers,  mixed  with 
1.35  g/ml  CsCl  in  TE  and  then  subjected  to  a 2.5  hour  equilibrium  centrifugation  at  75,000 
rpm  in  a TLN-100  rotor.  Virus  is  removed  by  puncturing  the  side  of  the  tube  with  a 
hypodermic  needle  and  gently  removing  the  banded  virus.  To  reduce  the  CsCl 
concentration,  the  sample  is  dialyzed  against  2 changes  of  2 liters  of  Tris  buffered  saline. 

Following  this  procedure,  dialyzed  virus  is  stable  at  4°C  for  a few  days  or  can  be  stored  for 
longer  periods  at  -80°C.  Aliquots  of  material  for  human  use  will  be  tested  and  while 
awaiting  the  results  of  these  tests,  the  remainder  will  be  stored  frozen.  The  tests  to  be 
performed  are  described  below: 

10.  Tests  for  Virus  Productions  Lots  (to  be  performed  by  Genzyme) 

Identity  - Restriction  map  and  SDS  PAGE,  as  described  for  MVSS. 

Purity  - Absence  of  wild-type  virus  by  El  PCR,  as  described  for  MVSS.  The  virus 
production  lot  will  be  evaluated  for  the  presence  of  any  inapparent  transforming  factors  or 
agents  by  cultivation  on  Rat  1 indicator  cells  (details  below).  The  virus  lot  will  be 
evaluated  for  the  presence  of  residual  bovine  serum  proteins  with  either  a Western  blot  or 
ELISA. 

Concentration  - A26O1  as  described  above. 

Activity  - End-point  CPE  titration  assays.  From  the  activity  and  concentration 
measurements,  we  can  calculate  a particles  per  infectious  unit  (I.U.)  ratio  (I.U.  as 
determined  by  end  point  CPE  and  PFU  are  related  by  a factor  of  0.7).  Typically  the 
particle/PFU  ratio  is  350-750,  only  preparations  with  a ratio  less  than  500  will  be  used. 
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Safety  - The  virus  production  lots  will  be  assessed  for  sterility,  general  safety,  and 
endotoxin. 

11.  Structure  and  Purity  of  Virus 

SDS  polyacrylamide  gel  electrophoresis  of  purified  virions  reveals  a number  of 


When  preparations  of  virus  were  subjected  to  one  or  two  additional  rounds  of  CsCl 
centrifugation,  the  protein  profile  obtained  was  indistinguishable.  This  indicates  that 
additional  equilibrium  centrifugation  does  not  purify  the  virus  further,  and  may  suggest  that 
even  the  less  intense  bands  detected  in  the  virus  preparations  represent  minor  virion 
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components  rather  than  contaminating  proteins.  The  identity  of  the  major  protein  bands  is 
presently  being  established  by  N-terminal  sequence  analysis. 

12.  Contaminating  Materials 

The  material  to  be  administered  to  the  patients  will  be  2 x 106  PFU,  2 x 107  PFU  and 
5 x 107  PFU  of  purified  Ad2/CFTR-1.  Assuming  a minimum  particle  to  PFU  ratio  of  500, 
this  corresponds  to  1 x 109,  1 x 1010  and  2.5  x 1010  viral  particles,  these  correspond  to  a 
dose  by  mass  of  0.25  jig,  2.5  |ig  and  6.25  tig  assuming  a molecular  mass  for  adenovirus  of 
150  x 106  dal  tons. 

The  origin  of  the  materials  from  which  a production  lot  of  the  purified  Ad2/CFTR-1  is 
derived  was  described  in  detail  above  and  is  illustrated  as  a flow  diagram  in  Fig.  6.  All  the 
starting  materials  from  which  the  purified  virus  is  made  (i.e.,  MCB,  and  WCB,  and  the 
MVSS)  will  be 

extensively  tested.  Further,  the  growth  medium  used  will  be  tested  at  Genzyme  and  the 
serum  will  be  from  only  approved  suppliers  who  will  provide  test  certificates.  In  this  way, 

all  the  components  used  to 
generate  a production  lot  will  have 
been  characterized.  Following 
growth,  the  production  lot  virus 
will  be  purified  by  two  rounds  of 
CsCl  centrifugation,  dialyzed,  and 
tested.  A production  lot  should 
constitute  1-5  x 10 10  PFU 
Ad2/CFTR-1. 

As  described  above,  to  detect  any 
contaminating  material,  aliquots  of 
the  production  lot  will  be  analyzed 
by  SDS  gel  electrophoresis  and 
restriction  enzyme  mapping. 
However,  these  tests  have  limited 
sensitivity.  Indeed,  unlike  the 
situation  for  purified  recombinant 
proteins,  it  is  very  difficult  to 
quantitate  the  purity  of  the 
Ad2/CFTR-1  using  SDS 
polyacrylamide  gel  electrophoresis 
(or  similar  methods).  An 
alternative  is  the  immunological 
detection  of  contaminating  proteins 
(IDCP).  Such  an  assay  utilizes 
antibodies  raised  against  the 
proteins  purified  in  a mock 
purification  run.  Development  of 
such  an  assay  has  not  yet  been  attempted  for  the  CsCl  purification  scheme  for  Ad2/CFTR- 
1.  However,  initially  we  will  use  an  IDCP  assay  developed  at  Genzyme  for  the  detection  of 
contaminants  in  recombinant  proteins  produced  in  Chinese  hamster  ovary  (CHO)  cells.  In 
addition  to  hamster  proteins,  these  assays  detect  bovine  serum  albumin  (BSA),  transferrin 
and  IgG  heavy  and  light  chain  derived  from  the  serum  added  to  the  growth  medium.  Tests 
using  such  reagents  to  examine  research  batches  of  Ad2/CFTR-1  by  both  ELISA  and 
Western  blots  are  in  progress. 
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Figure  6.  Flow  diagram  for  virus  production. 
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Other  proteins  contaminating  the  virus  preparation  are  likely  to  be  from  the  293  cells  - that 
is,  of  human  origin.  Human  proteins  contaminating  therapeutic  agents  derived  from  human 
sources  are  usually  not  problematic  (121).  In  this  case,  however,  we  plan  to  test  the 
production  lot  for  transforming  factors.  Such  factors  could  be  activities  of  contaminating 
human  proteins  or  of  the  Ad2/CFTR-1  vector  or  other  contaminating  agents.  For  the  test, 
we  propose  to  infect  10  dishes  of  Rat  1 cells  containing  2 x 106  cells  (the  number  of  target 
cells  in  the  patient)  with  4 times  the  highest  human  dose  of  Ad2/CFTR-1  (2  x 108  PFU). 
Following  infection,  the  cells  will  be  plated  out  in  agar  and  examined  for  the  appearance  of 
transformed  foci  for  2 weeks.  Wild-type  adenovirus  will  be  used  as  a control. 
Transformation  assays  are  done  routinely  at  Genzyme  (122). 

The  bulk  of  nucleic  acids  and  proteins  would  be  expected  to  be  separated  from  purified 
virus  preparations  upon  equilibrium  density  centrifugation.  Furthermore,  we  do  not  expect 
the  human  293  cells  to  contain  mouse  VL30  sequences.  Biologically  active  nucleic  acids 
should  be  detected  in  the  Rat  1 transformation  assay.  In  addition  the  PCR  analysis  will 
reveal  El  sequences  derived  from  the  293  cells. 

Because  only  a very  small  proportion  of  a production  lot  will  be  required  for  human  use,  in 
excess  of  95%  of  the  preparation  will  be  available  for  testing.  Thus,  although  it  is  difficult 
to  access  the  sensitivity  of  some  of  the  assays  described  above,  we  are  in  a position  to  test 
samples  greatly  in  excess  of  the  highest  human  dose. 

Bl.b.(l)(c)  If  co-cultivation  is  employed,  what  kinds  of  cells  are  being  used  for  co- 

cultivation?  What  steps  are  being  taken  (and  assays  used  with  their  sensitivity)  to 
detect  and  eliminate  any  contaminating  materials?  Specifically,  what  test  are  being 
done  to  assess  the  material  to  be  returned  to  the  patient  for  the  presence  of  live  or 
killed  donor  cells  or  other  non-vector  materials  (for  example.  VL30  sequences) 
originating  from  those  cells? 

Not  applicable. 

B.l.b.(l)(d)  If  methods  other  than  those  covered  bv  (l)-(c)  are  used  to  introduce  new 
genetic  information  into  target  cells,  what  steps  are  being  taken  to  detect  and 
eliminate  any  contaminating  materials?  What  are  possible  sources  of  contamination? 
What  is  the  sensitivity  of  tests  used  to  monitor  contamination? 

Not  applicable. 

B.l.b.(2)  Describe  any  other  material  to  be  used  in  preparation  of  the  material  to  be 
administered  to  the  patient.  For  example,  if  a viral  vector  is  proposed,  what  is  the 
nature  of  the  helper  virus  or  cell  line?  If  carrier  particles  are  to  be  used,  what  is  the 
nature  of  these? 

The  origin,  growth,  and  characterization  of  the  human  293  cell  is  described  above. 

B.2.  Preclinical  studies,  including  risk-assessment  studies. 

Describe  the  experimental  basis  (derived  from  tests  in  cultured  cells  and  animals)  for 
claims  about  the  efficacy  and  safety  of  the  proposed  system  for  gene  delivery  and 
explain  why  the  model(s)  chosen  is  (are)  the  most  appropriate. 

B.2.a.  Laboratory  studies  of  the  delivery  system. 
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B.2.a.(l)  What  cells  are  the  intended  target  cells  of  recombinant  DNA?  If  target  cells  are 
to  be  treated  ex  vivo  and  returned  to  the  patient,  how  will  the  cells  be  characterized 
before  and  after  treatment?  What  is  the  theoretical  and  practical  basis  for  assuming 
that  only  the  target  cells  will  incorporate  the  DNA? 

The  nasal  respiratory  epithelium  is  the  intended  target.  Cells  will  not  be  treated  ex  vivo. 

The  theoretical  basis  for  assuming  that  only  the  target  cells  will  incorporate  DNA  is:  a)  the 
adenovirus  has  a tropism  for  airway  epithelium;  b)  application  is  to  a localized  area  of  nasal 
epithelium;  c)  the  epithelium  provides  a barrier  to  virus  movement  from  the  airway  lumen 
to  the  interstitial  space;  d)  the  total  number  of  viruses  applied  to  the  surface  epithelium  will 
be  very  small.  The  practical  basis  for  assuming  that  only  the  target  cells  will  incorporate 
the  DNA  is  that,  in  ongoing  animal  experiments,  we  have  observed  no  transfer  of  DNA  to 
cells  other  than  the  respiratory  epithelium  (Point  B.2.c.(2)  3.c).  However,  adenovirus  also 
has  tropism  for  other  cells  such  as  the  gut,  and  despite  the  precautions  taken,  we  cannot  be 
certain  that  no  recombinant  adenovirus  will  infect  a cell  other  than  a respiratory  epithelial 
cell. 

B.2.a.(2)  Is  the  delivery  system  efficient?  What  percentage  of  the  target  cells  contain  the 
added  DNA? 

Because  adenovirus  DNA  is  predominantly  not  integrated  and  because  the  percentage  of 
target  cells  that  contain  DNA  and  the  copy  number  in  those  cells  is  dependent  on  the 
multiplicity  of  infection,  we  have  not  examined  in  detail  the  number  of  target  cells  that 
contain  added  DNA.  Instead,  we  have  measured  the  expression  of  the  DNA;  these 
experiments  are  described  in  response  to  point  B.2.b.(3). 

B.2.a.(3)  How  is  the  structure  of  the  added  DNA  sequences  monitored  and  what  is  the 

sensitivity  of  the  analysis?  Is  the  added  DNA  extrachromosomal  or  integrated?  Is  the 
added  DNA  unrearranged? 

We  examined  the  state  and  the  copy  number  of  Ad2/CFTR-1  DNA  using  Southern  blot 
analysis.  Rather  than  extract  only  soluble  low  molecular  weight  DNA  by  the  Hirt 
procedure,  total  cellular  DNA  was  prepared  and  the  full  complement  of  cellular  DNA  was 
digested  with  BstBl,  electrophoresed  and  probed  by  Southern  blotting.  Figure  7 shows  the 
state  of  Ad2  DNA  in  confluent  monolayers  of  human  primary  nasal  polyps  cells  at  different 
times  after  infection  with  different  multiplicities  of  Ad2/CFTR-1.  The  results  indicate  that 
Ad2  DNA  can  be  detected  as  the  predicted  size  BstB  1 fragment  from  the  left  hand  end  of 
the  genome  with  no  evidence  of  high  molecular  weight  chromosomal  integrated  DNA.  The 
sensitivity  of  the  experiment  shown  in  Fig.  7 is  not  certain,  but  longer  exposures  of  this  and 
similar  experiments  indicate  that  at  the  0.1-1%  detection  level,  no  integrated  DNA  is 
detected.  In  similar  experiments  we  found  no  evidence  for  Ad2  DNA  integration  in 
monkey,  hamster  or  HeLa  cells  at  this  level  of  detection.  However,  based  on  the  literature, 
we  would  expect  perhaps  some  integration,  but  at  a level  far  below  our  sensitivity  of 
detection  (81,84-86). 

The  experiment  in  Fig.  7 also  indicates  that  at  high  multiplicities  of  infection,  there  is  time- 
dependent  viral  DNA  synthesis  in  human  nasal  polyp  cells.  In  other  experiments,  we  have 
detected  limited  Ad2/CFTR-1  or  Ad2/BGal-l  DNA  synthesis  in  HeLa,  monkey  bronchiolar 
and  hamster  primary  tracheal  cells.  We  have  shown  that  synthesis  is  dependent  on 
multiplicity  of  infection,  and  found  that  in  human  cells  viral  DNA  accumulation  peaks  at 
about  2-4  days  post  infection.  This  result  was  not  unexpected  since  earlier  reports  of  Ela- 
or  Elb-deleted  vectors  reported  some  DNA  synthesis  (123-126). 
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Figure  7.  Southern  blot  analysis  of  Ad2/CFTR-1 


The  only  evidence  as  to  whether  the  Ad2/CFTR-1  is  rearranged  is  the  length  of  the  viral 
DNA  on  Southern  blots.  Although  the  sensitivity  of  this  assay  is  low,  there  is  no  evidence 
of  altered  molecular  species  indicating  rearrangement. 

B.2.a.(4)  How  many  copies  are  present  per  cell?  How  stable  is  the  added  DNA  both  in 
terms  of  its  continued  presence  and  its  structural  stability? 

Copy  number  per  cell  and  DNA  stability 

The  number  of  copies  of  extrachromosomal  Ad2/CFTR-DNA  per  cell  will  depend  on  the 
multiplicity  of  infection  (MOI)  used.  In  the  proposed  protocol,  three  different  multiplicities 
will  be  tested.  Because  the  intended  area  of  application  is  about  1 cm2  and  the  human  nasal 
epithelium  contains  2 x 106  cells/cm2,  these  multiplicities  are  1,  10,  and  25  PFU/cell. 
Assuming  all  cells  take  up  viral  DNA  equally,  quantitation  of  the  Southern  blot  experiment 
using  human  primary  nasal  polyp  cells  grown  in  monolayer  (Fig.  7)  indicates  that  following 
infection  with  Ad2/CFTR-1  at  an  MOI  of  50  the  maximum  number  of  DNA  molecules 
detected  per  cell  is  approximately  550.  In  treated  monkeys,  we  have  detected  6- 
galactosidase  expression  2 weeks  following  exposure  to  Ad2/6Gal-l  and  CFTR  expression 
1 week  after  exposure  to  Ad2/CFTR-1.  There  are  reports  in  the  literature  suggesting 
transcripts  from  a related  virus  can  be  detected  in  cotton  rats  42  days  after  exposure,  using 
PCR  methods  (11).  Presumably,  viral  DNA  persists  for  at  least  this  period.  We  do  not 
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know  the  mechanism  whereby  DNA  loss  eventually  occurs,  but  assume  the  unintegrated 
DNA  is  degraded  by  cellular  nucleases. 

Complementation  and  DNA  stability 

We  assume  that  the  limited  viral  DNA  synthesis  reported  in  B.2.a.(3)  results  from  a small 
amount  of  residual  viral  gene  expression,  even  in  the  absence  of  El  a and  Elb  gene 
functions.  In  addition,  the  absence  of  these  proteins  could  be  complemented  by  provision 
of  El  by  a wild-type  virus  coinfecting  the  host  cell.  Under  these  circumstances,  we  expect 
the  wild-type  virus  to  overgrow  the  defective  virus.  Figure  8 shows  an  experiment  which 
mimics  such  a possibility  under  the  most  favorable  conditions  for  growth  of  the  defective 
virus,  i.e.,  in  293  cells.  When  the  ratio  of  added  Ad2/CFTR-1  to  wild-type  Ad2  was  100:1, 
within  2 passages  the  amount  of  wild-type  virus  exceeded  Ad2/CFTR-1  by  a ratio  of  2:1. 


In  conditions  where  wild-type  virus  outgrows  defective  virus  in  a patient,  we  would  expect 
such  infection  to  eventually  become  self-limiting.  Complementation  of  the  defective  virus 
might  also  occur  by  provision  of  El  gene  function  as  a result  of  an  earlier,  perhaps  now 
latent  adenovirus  infection  (100),  (as  a result  of  proteins  encoded  by  another  virus  that  can 
mimic  the  activity  of  El  (119,127-129),  or  as  a result  of  cellular  proteins  with  El-like 
activity  (101,102).  We  have  not  detected  growth  of  defective  virus  even  in  hamsters 
treated  with  adenovirus  at  100  times  the  maximum  proposed  human  dose  or  in  primates 
treated  with  2000  times  the  maximum  proposed  human  dose  (see  below).  Nevertheless, 
such  a possibility  remains.  If  such  virus  replication  did  occur  in  the  patient,  we  would 
expect  it  to  be  reduced  (compared  to  wild- type)  and  eventually  self-limiting.  As 
safeguards,  we  will  test  nasal  cells  from  patients  for  the  presence  of  Ad2/Ad5  El  sequences 
using  PCR  methods  prior  to  treatment,  and  will  only  treat  patients  who  are  seropositive  for 
Ad2. 
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Finally,  complementation  of  the  growth  of  Ad2/CFTR-1  could  occur  if  the  preparation 
were  infected  with  low  levels  of  wild-type  virus.  PCR  estimates  of  the  amount  of  Ad2  or 
Ad5  El  DNA  suggest  that  such  contamination  should  be  below  lO8.  Contamination  at 
such  a level  could  result  from  recombination  between  defective  virus  and  the  endogenous 
Ad5  El  DNA  sequences  present  in  the  293  cells  used  to  grow  virus.  Such  a recombinant 
would  be  a Ad5ElAd2  hybrid  and  eventually  we  would  expect  it  to  overgrow  the  defective 
virus  preparation. 

Recombination  and  DNA  stability 

Another  way  in  which  the  adenovirus  genome  could  be  unstable  would  result  from 
recombination.  Homologous  recombination  occurs  readily  within  adenovirus  of  the  same 
subgroup  (105);  indeed  it  is  routinely  used  in  the  laboratory  to  create  variant  strains. 
However,  the  products  of  homologous  recombination  would  closely  resemble  the  starting 
viral  strains,  i.e.,  an  Ad2  recombinant  with  newly  acquired  El  genes  would  essentially  be  a 
wild-type  virus  and  a CFTR  cDNA  containing  recombinant  of  the  serotype  C strain  would 
be  expected  to  have  properties  similar  to  Ad2/CFTR-1,  especially  a limited  ability  to 
replicate. 

Non-homologous  recombination  could  also  occur  but  the  exact  structure  of  the  products  are 
less  predictable.  To  be  viable,  the  Ad2/CFTR-1  would  at  a minimum  need  to  acquire  El 
functions  and  delete  other  DNA  sequences  so  as  to  enable  packaging.  The  deleted 
sequences  could  involve  dispensable  viral  genes,  perhaps  E3,  or  more  likely  sequences 
within  CFTR.  The  activity  of  such  recombinants  is  difficult  to  predict,  but  fragments  of  the 
CFTR  protein  seem  unlikely  to  have  activity.  We  have  no  experimental  data  testing  for 
recombination,  but  to  date  we  have  not  observed  the  generation  of  such  recombinants 
during  the  routine  passaging  of  Ad2  vectors  in  tissue  culture  cells. 

B.2.b.  Laboratory  studies  of  gene  transfer  and  expression. 

B.2.b.(l)  What  animal  and  cultured  cell  models  were  used  in  laboratory  studies  to  assess 
the  in  vivo  and  in  vitro  efficacy  of  gene  transfer  system?  In  what  wavs  are  these 
models  similar  to  and  different  from  the  proposed  human  treatment? 

1.  Cell  lines  and  primary  cultures 

We  tested  the  ability  of  Ad2/6Gal-l  and  Ad2/CFTR-1  to  express  their  respective  proteins 
in  several  cell  lines,  including  human  HeLa  cells,  human  293  cells,  human  pancreatic 
epithelial  cells  (CF  PAC)  (130),  and  monkey  bronchiolar  epithelial  cells  (4MB R-5).  In 
addition,  we  studied  primary  cultures  of  hamster  tracheal  epithelial  cells,  cynamologous 
monkey  tracheal/bronchial  epithelial  cells,  Rhesus  monkey  tracheal  epithelial  cells,  and 
normal  and  CF  human  airway  epithelia.  These  cells  were  all  grown  on  culture  dishes. 
Studies  with  these  models  demonstrate  the  ability  of  the  vector  to  transfer  the  DNA  and 
express  the  appropriate  protein  in  epithelial  cells.  They  are,  however,  different  from  the 
proposed  human  studies  in  that  the  cells  do  not  form  an  intact  epithelium. 

2.  Primary  cultures  of  human  airway  epithelia  grown  on  permeable  filter  supports. 

In  this  model  system,  primary  cultures  of  human  airway  epithelial  cells  are  grown  on 
permeable  filter  supports  at  the  air-liquid  interface  with  air  on  the  mucosal  surface  (131- 
134).  After  seeding,  these  cells  differentiate  and  form  tight  junctions  to  produce  an 
electrically  tight  epithelial  monolayer.  Such  cultures  closely  resemble  the  native 
epithelium,  both  morphologically  (i.e.,  differentiated  cells  with  tight  junctions  and  a 
distinct  apical  and  basal-lateral  membrane)  and  functionally  (i.e.,  low  transepithelial 
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conductance  and  the  capacity  for  vectoral  transepithelial  electrolyte  transport).  These  are 
the  characteristics  which  define  an  epithelium. 

An  example  of  their  value  as  a model  system  for  assessing  therapy  is  that  this  system  has 
led  to  the  discovery  and  subsequent  in  vivo  clinical  testing  of  two  potential  therapies  for 
CF:  amiloride  (17)  and  extracellular  nucleotides  (19).  In  addition,  the  ability  to  measure 
the  transepithelial  conductance  provides  the  most  sensitive  assay  of  cell  and  monolayer 
integrity;  with  injury  of  epithelial  cells,  transepithelial  conductance  is  an  early,  perhaps  the 
First,  parameter  to  increase  (135,136). 

We  believe  that  human  airway  epithelia  grown  on  permeable  supports  provide  the  model 
which  most  closely  resembles  human  airway  epithelium  in  vivo. 

3.  Nasal  and  bronchial  epithelium  of  Rhesus  monkeys. 

This  model  system  has  the  advantage  of  being  an  in  vivo  model,  and  it  resembles  the 
proposed  human  experiment.  It  has  the  disadvantage  that  the  monkey  has  wild-type  CFTR 
function;  expression  of  recombinant  CFTR  on  a wild-type  background  produces  little,  if 
any,  functional  evidence  of  CFTR  expression.  We  have  documented  this  by  expressing 
CFTR  in  normal  human  airway  epithelial  cells;  we  found  no  additional  increase  in  chloride 
secretion.  Similar  results  have  been  reported  by  others  (66).  The  lack  of  an  increase  in 
chloride  secretion  with  overexpression  of  CFTR  on  a wild-type  background  likely  results 
from  limitations  in  transepithelial  secretion  resulting  from  rate-limiting  steps  occurring  at 
the  basolateral  membrane  (see  Section  3.4).  Alternatively,  there  could  be  rate-limiting 
steps  in  terms  of  insertion  of  CFTR  into  the  apical  membrane  or  in  the  signal  transduction 
mechanisms  that  regulate  CFTR  chloride  channels.  As  a result  of  these  considerations,  we 
have  also  used  the  Ad2/6Gal-l  vector  to  assess  the  efficacy  and  safety  of  the  delivery 
system.  We  also  applied  Ad2/BGal-l  to  the  bronchial  epithelium  of  the  monkeys  to 
demonstrate  the  ability  of  the  virus  to  express  recombinant  protein  in  lower  airway 
epithelium. 

4.  CF  Mice 

Two  groups  of  investigators  have  recently  reported  the  development  of  CF  mice  by  targeted 
disruption  of  the  endogenous  mouse  CFTR  gene  (137-139).  We  have  not  yet  tested 
Ad2/CFTR-1  in  such  mice.  However,  we  would  argue  that  such  studies  are  not  essential 
prior  to  testing  Ad2/CFTR-1  in  humans,  a)  The  use  of  CF  mice  is  unlikely  to  provide  new 
data  relevant  to  safety,  b)  The  current  models  do  not  yet  show  lung  pathology  and  thus  do 
not  yet  provide  a model  of  human  lung  disease,  c)  The  outcome,  either  positive  or 
negative,  of  studies  directed  at  determining  whether  Ad2/CFTR-1  can  express  protein  and 
restore  cAMP-regulated  chloride  in  mouse  airway  epithelium,  would  not  influence  our 
conclusions  about  the  potential  efficacy  of  the  vector,  based  on  our  studies  of  efficacy  in 
human  CF  airway  epithelia  and  in  primate  nasal  and  bronchial  epithelia. 


B.2.b(2)  What  is  the  minimal  level  of  gene  transfer  and/or  expression  that  is  estimated  to 
he  necessary  for  the  gene  transfer  protocol  to  be  successful  in  humans?  How  was  this 
level  determined? 

As  we  discussed  above  in  Section  3.3,  we  estimate  that  very  little  CFTR  need  be  expressed 
to  successfully  correct  the  chloride  transport  defect  in  CF  airway  epithelia.  This  conclusion 
is  based  on  both  theoretical  considerations  and  experimental  observations. 
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B.2.b.(3)  Explain  in  detail  all  results  from  animal  and  cultured  cell  model  experiments 
which  assess  the  effectiveness  of  the  delivery  system  (part  2,a.  above)  in  achieving  the 
minimally  required  level  of  gene  transfer  and  expression  (2.h.  (2)  ahovel 

1.  Cultured  cell  models 

a.  Studies  with  Ad2/BGaI-l 

We  infected  these  cells  [Point  B.2.b.(l)]  in  tissue  culture  and  assayed  for  B-galactosidase 
activity.  We  used  B-galactosidase  tagged  with  a nuclear  localization  signal  because 
background  blue  staining  with  X-gal  is  a common  problem,  particularly  with  airway  cells. 
After  exposure  to  Ad2/BGal- 1 , B-galactosidase  activity  was  detected  as  a strong  nuclear- 
localized  blue  staining  in  a variety  of  the  different  cells  when  infected  at  a multiplicity  of 
infection  between  0.01  and  30  PFUs  per  cell. 

b.  Studies  with  Ad2/CFTR-1 

After  exposure  of  these  cells  to  Ad2/CFTR-1,  we  detected  CFTR  by  immunoprecipitation 
followed  by  phosphorylation  and  autoradiography.  We  also  detected  CFTR  by 
immunocytochemistry. 

Because  it  is  a chloride  channel,  CFTR  can  also  be  detected  using  assays  based  on  its 
function.  We  measured  cAMP-dependent  CFTR  chloride  channels  using  the  halide- 
sensitive  fluorophore  6-methoxy-N-(3-sulfopropyl)-quinolinium  (SPQ).  In  the  SPQ  assay, 
an  increase  in  halide  permeability  through  CFTR  chloride  channels  results  in  a rapid 
increase  in  SPQ  fluorescence  (9).  We  infected  CF  nasal  epithelial  cells  with  Ad2/CFTR-1 
at  a multiplicity  of  5 PFU/cell.  Stimulation  of  Ad2/CFTR-1 -infected  cells  with  forskolin 
(20  |iM)  and  IB  MX  (100  |iM)  increased  SPQ  fluorescence.  In  contrast,  cAMP  did  not 
increase  halide  permeability  in  uninfected  or  wild-type  adenovirus-infected  (5  MOI)  cells. 
Thus,  only  cells  infected  with  Ad2/CFTR-1  expressed  c AMP-regulated  CFTR  chloride 
channels.  Some  Ad-CFTR-infected  cells  also  showed  an  increased  basal  halide 
permeability  that  was  independent  of  cAMP  stimulation.  Although  we  have  not  studied 
this  in  detail,  one  interpretation  of  these  data  is  that  the  adenovirus-infected  cells  have  an 
elevated  endogenous  level  of  cAMP.  We  have  obtained  similar  results  with  293  cells.  In 
human  airway  epithelial  cells,  we  found  that  15-30%  of  cells  expressed  CFTR  as  assessed 
by  the  acquisition  of  cAMP-dependent  stimulation  of  halide  permeability. 

These  results  indicate  that  the  adenovirus  vector  can  direct  the  expression  of  functional 
CFTR  chloride  channels  and  B-galactosidase  in  a variety  of  cultured  epithelial  cells. 

2.  Primary  cultures  of  human  airway  epithelia  grown  on  permeable  supports. 

a.  Studies  with  Ad2/BGal-l 

To  test  vector  efficacy,  we  examined  the  effect  of  Ad2/BGal-l  added  at  a variety  of 
multiplicity's  of  infection  (MOI)  on  primary  cultures  of  normal  human  airway  epithelia 
grown  on  permeable  filter  supports  (Fig.  9).  As  expected,  the  number  of  stained  cells 
depended  upon  the  MOI;  blue  staining  of  a small  percentage  could  be  detected  at  an  MOI 
as  low  as  0.01  PFU/cell.  As  the  multiplicity  of  infection  increased,  so  did  the  number  of 
cells  with  blue-staining  nuclei.  In  some  cases,  cells  were  treated  with  neuraminidase  (0.2 
U/ml)  and  dithiothreitol  (5  mM)  to  remove  mucus  and  cell  debris  prior  to  addition  of  virus; 
however,  this  treatment  did  not  appear  to  increase  the  percentage  of  stained  cells.  Blue- 
staining  cells  persisted  for  up  to  20  days  after  infection  with  Ad2/BGal-l  at  5 MOI.  Longer 
studies  were  limited  by  the  short  "lifetime"  of  the  epithelial  cultures. 
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Figure  9.  Effect  of  Ad2/BGal-l  on  primary  cultures  of  normal  human  airway  epithelia. 

Epithelia  were  stained  with  X-Gal.  Filters  are  relatively  opaque,  obscuring  cell  detail. 


b.  Studies  with  Ad2/CFTR-1 

We  also  allowed  CF  airway  epithelial  cells  grown  as  epithelia  on  permeable  filter  supports 
to  form  a low  transepithelial  conductance  and  then  infected  them  with  Ad2/CFTR-1.  Three 
days  after  infection  at  5 PFU/cell,  CFTR  was  readily  detected  by  immunocytochemical 
staining  at  the  apical  membrane  (Fig.  10).  In  contrast,  little  CFTR  was  detected  in 
uninfected  cells  or  in  cells  infected  with  Ad2/BGal-l. 

The  most  important  experiment  was  to  test  the  ability  of  Ad2/CFTR-1  to  correct  the  defect 
in  transepithelial  chloride  secretion  in  CF  airway  epithelial  cells.  We  infected  primary 
cultures  of  CF  nasal  polyp  epithelial  cells  with  Ad2/CFTR-1  at  a multiplicity  of  5 PFU/cell. 
Three  days  after  infection,  we  measured  transepithelial  chloride  secretion  in  an  Ussing 
chamber.  Figure  1 1 shows  that  CF  epithelial  cells  do  not  secrete  chloride  upon  cAMP 
stimulation  (i.e.,  there  is  no  increase  in  transepithelial  short-circuit  current  with  addition  of 
cAMP).  In  contrast,  cAMP  agonists  stimulated  chloride  secretion  in  Ad2/CF  1 R-  1-treated 
CF  epithelial  cells.  This  response  resembled  that  of  normal  nasal  polyp  epithelial  cells  and 
was  inhibited  by  the  chloride  channel  blocker,  diphenylamine-2-carboxylate.  We  have 
obtained  identical  results  using  primary  cultures  of  CF  cells  from  tracheal  epithelium. 
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We  found  that  a relatively  low 
multiplicity  of  infection  with 
Ad2/CFTR-1  was  able  to  generate 
apparently  wild-type  transepithelial 
chloride  secretion;  in  fact,  we  detected 
significant  chloride  secretion  at  an 
MOI  of  0.1.  Secretion  occurred  at  low 
multiplicities  even  though  the 
promoter  directing  expression  of 
CFTR  is  the  E la  promoter  which  is  not 
regarded  as  particularly  strong.  This 
result  is  consistent  with  those  reported 
above  in  Section  3.3,  suggesting  that 
only  modest  expression  of  CFTR  is 
required  for  phenotypic  correction. 

We  believe  that  this  represents  the 
most  significant  data  we  have 
suggesting  the  efficacy  of  the 
Ad2/CFTR-1  vector.  It  uses  human 
CF  cells;  it  examines  them  under 
conditions  that  most  closely  resemble 
an  in  vivo  epithelial  monolayer;  it 
measures  the  function  of  CFTR;  and  it 
shows  that  only  small  amounts  of  virus 
may  be  effective. 


3.  Primate  studies. 

We  have  done  three  types  of  studies  to 
assess  the  efficacy  of  the  adenovirus 
constructs  in  the  airway  epithelia  of 
Rhesus  monkeys. 

a.  Ad2/BGal-l  applied  to  the  nasal 
epithelium. 

Procedure 

For  this  study  we  have  used  2 monkeys 
(A  and  B).  As  of  late  September,  they 
have  been  followed  for  8 weeks  after 
virus  administration. 

Because  primates  have  normal  CFTR 
function,  we  elected  to  assess  the 
ability  of  recombinant  adenovirus  to 
transfer  the  reporter  gene  for  B-galactosidase  by  using  the  Ad2/BGal-l  virus.  We  estimated 
the  epithelial  cell  density  in  the  nasal  cavity  of  the  Rhesus  monkey  to  be  2 x 10^  cells/cm^ 
(based  on  an  average  nasal  epithelial  cell  diameter  of  7 pm,  ref.  140)  and  the  surface  area  to 
be  25-50  cm^  (141).  Thus,  we  estimated  that  there  are  about  5 x 10^  cells  in  the  nasal 
epithelium  of  Rhesus  monkey.  Because  these  studies  were  also  focused  on  safety,  we  used 
higher  viral  doses. 


Figure  10.  Immmunocytochemical 
staining  of  CFTR  in  CF  airway  epithelia 
infected  with  Ad2/CFTR-1. 
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Figure  11.  Effect  of  Ad2/CFTR-1  infection  on  Cl*  secretion  by  CF  airway  epithelium. 

Tracings  are  short-circuit  current  in  the  presence  of  mucosal  amiloride  (10  (iM). 
cAMP  agonists  (20|iM  forskolin  and  100  |lM  EBMX)  and  3 mM  diphenylamine-2- 
carboxylate  (DPC)  were  added  at  times  indicated.  Response  of  a normal  airway 
epithelium  is  shown  for  comparison. 


In  our  first  study,  we  used  two  different  preparations  of  Ad2/BGal-l  virus:  one  that  was 
purified  on  a CsCl  gradient  and  then  dialyzed  against  tris-buffered  saline  to  remove  the 
CsCl,  and  a crude  unpurified  one.  Titers  of  the  Ad2/6Gal-l  viruses  were  ~2  x lQ^O  PFU  in 
the  purified  preparation  and  ~ 1 x 1011  PFU  in  the  crude  preparation.  Both  preparations 
produced  B-galactosidase  activity  in  293  cells. 

Monkeys  were  anesthetized  by  intramuscular  injection  of  ketamine  (15  mg/kg).  We  used 
the  entire  epithelium  of  one  nasal  cavity  in  each  monkey.  We  inserted  a foley  catheter  (size 
10)  through  each  nasal  cavity  into  the  pharynx,  inflated  it  with  2-3  ml  of  air,  and  then 
pulled  the  catheter  anteriorly  to  obtain  tight  posterior  occlusion  at  the  posterior  choana. 

Both  nasal  cavities  were  then  irrigated  with  a solution  (~5  ml)  of  5 mM  dithiothreitol  plus 
0.2  U/ml  neuraminidase  in  phosphate-buffered  saline  (PBS)  for  five  minutes.  We  used  this 
solution  to  dissolve  any  residual  mucus  overlaying  the  epithelia.  (In  our  first  in  vitro 
studies  with  monolayers  of  human  airway  epithelia  we  had  used  a similar  treatment  to 
remove  mucus.  Subsequently,  we  have  found  that  such  treatment  is  not  required.)  The 
washing  procedure  also  allowed  us  to  determine  whether  the  balloons  were  effectively 
isolating  the  nasal  cavity.  We  then  instilled  the  virus  (Ad2/6Gal-l)  slowly  into  the  right 
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nostril  with  the  posterior  balloon  inflated.  The  viral  solution  remained  in  contact  with  the 
nasal  mucosa  for  30  minutes.  At  the  end  of  30  min,  the  remaining  viral  solution  was 
removed  by  suction.  The  balloons  were  deflated,  the  catheters  removed,  and  the  monkey 
allowed  to  recover  from  anesthesia.  Monkey  A received  the  CsCl-  purified  virus  and 
Monkey  B received  the  crude  virus. 

To  obtain  nasal  epithelial  cells  from  an  anesthetized  monkey,  we  first  impregnated  the 
nasal  mucosa  with  5 drops  of  Afrin  (0.05%  oxymetazoline  hydrochloride,  Schering- 
Plough)  and  1 ml  of  2%  Lidocaine  for  5 min.  We  then  used  a cytobrush  (the  kind  typically 
used  for  Pap  smears)  to  gently  rub  the  mucosa  for  about  3 seconds.  For  tracheal  brushings, 
we  used  a flexible  fiberoptic  bronchoscope;  a 3 mm  cytology  brush  (Bard)  was  advanced 
through  the  bronchoscope  into  the  trachea  and  a small  area  was  brushed  for  about  3 
seconds.  We  repeated  this  procedure  twice  to  obtain  a total  of  ~10^  cells.  To  obtain 
pharyngeal  epithelia,  we  rubbed  a cotton-tipped  applicator  over  the  back  of  the  pharynx  2-3 
times.  The  resulting  cells  were  dislodged  from  brushes  or  applicators  into  2 ml  of  sterile 
PBS. 

Results 

To  detect  vector-generated  mRNA  we  used  reverse  transcriptase  PCR  (RT-PCR).  We  used 
PCR  primers  in  both  the  adenovirus  sequence  and  the  Lac  Z sequence.  RT-PCR  of  brushed 
cells  revealed  a band  of  the  correct  size  that  hybridized  with  a 6-Gal  probe,  consistent  with 
the  presence  of  6Gal  mRNA  in  the  samples  from  both  monkeys.  RT-PCR  was  positive  on 
days  3 and  7 and  was  also  positive  with  cells  from  the  control  nostril  of  monkey  A on  day 
3. 

We  also  confirmed  the  presence  of  mRNA  by  using  in  situ  hybridization  to  detect 
transcripts  in  nasal  epithelial  cells  obtained  by  brushing.  At  day  seven  after  infection,  we 
observed  specific  hybridization  with  the  antisense,  but  not  the  sense,  probe  in  cells  from  the 
right  nostril.  Only  a rare  positive  cell  was  detected  from  the  left  (control)  nostril. 

Cells  obtained  by  nasal  brushing  were  also  examined  for  6-galactosidase  activity  by 
staining  with  X-Gal.  X-Gal  stains  revealed  blue-stained  cells  with  clear  nuclear 
localization  of  the  pigment  through  day  7 post  infection.  X-Gal  stains  from  the  right  nostril 
of  monkey  A,  revealed  approximately  1%  of  cells  stained  with  nuclear-localized  blue  stain; 
these  cells  were  predominantly  ciliated  respiratory  cells.  Figure  12  shows  an  example  of 
the  ciliated  respiratory  epithelial  cells  obtained  by  brushing  (Wright  stain)  and  shows  cells 
with  blue-stained  nuclei.  Monkey  B had  a lower  percentage  of  stained  cells  from  the 
infected  nostril  and  none  from  the  control  side.  Blue  cells  were  not  observed  on  day  14  or 
in  subsequent  samples. 
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Figure  12.  Cells  obtained  by  brushing  monkey  nasal  epithelium  infected  with  Ad2/BGal-l. 

Top  panel  shows  cells  stained  with  Wright  stain  (630X  magnification);  ciliated  epithelial  cells 
are  readily  apparent.  Field  also  contains  a neutrophil.  Although  this  was  the  only  neutrophil  on 
the  entire  slide,  it  is  included  to  show  the  ability  of  nasal  brushings  to  detect  inflammatory  cells. 
Bottom  panel  shows  cells  stained  with  X-Gal  (400X  magnification). 
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We  also  tested  for  the  presence  of  Ad2/6Gal-l  DNA  by  PCR  of  the  brushed  samples. 
Although  the  results  do  not  reveal  whether  the  virus  was  transcribing  6-galactosidase 
mRNA  or  producing  6-galactosidase  protein,  the  test  is  the  most  sensitive  assay  for  the 
presence  of  viral  DNA.  Moreover,  we  expect  that  some  of  the  viral  DNA  detected  by  PCR 
will  be  generating  protein  below  the  threshold  of  detection  of  the  tests  employed.  We  used 
the  same  primers  used  for  the  RT-PCR.  After  2 weeks,  DNA  was  detected  only  from  the 
right  (experimental)  nostril.  Viral  DNA  encoding  6-galactosidase  was  no  longer  detected  4 
weeks  after  virus  application. 

Conclusions 

The  results  of  this  study  showed  that  a gene  can  be  expressed  by  a recombinant  adenovirus 
in  vivo  in  primate  respiratory  epithelial  cells.  In  the  absence  of  data  on  the  sensitivity  of  the 
X-gal  staining  procedure  or  on  quantitation  of  the  PCR  reaction,  it  is  difficult  to  estimate 
the  number  of  nasal  cells  that  took  up  the  Ad2/6Gal-l  vector  DNA.  We  also  found  the 
transient  presence  of  6-galactosidase  protein  and  mRNA  in  the  control  nostril  and  in  the 
pharynx.  We  think  the  virus  most  likely  reached  the  contralateral  nostril  and  pharynx  via 
drainage  by  gravity  after  we  released  the  posterior  occlusion  or  it  may  have  been  caused  by 
the  monkey  putting  its  finger  from  one  nostril  to  another  after  recovery  from  anesthesia. 

b.  Ad2/CFTR-1  applied  to  the  nasal  epithelium. 

Procedure 

For  this  study,  we  used  3 monkeys  (C,  D,  & E).  As  of  late  September,  they  had  been 
followed  for  4 weeks  after  virus  application. 

We  applied  the  Ad2/CFTR-1  construct  to  the  nasal  epithelium  exactly  as  described  above 
for  studies  with  the  Ad2/6Gal-l  virus,  with  the  exception  that  the  epithelium  was  not 
pretreated  with  dithiothreitol  and  neuraminidase.  In  each  monkey,  we  applied  2.5  x 109 
PFU  in  0.4  ml  of  CsCl-  purified,  dialyzed  virus  to  the  right  nostril.  Airway  epithelial  cells 
were  obtained  by  brushing,  as  described  above. 

Results 

RT-PCR  of  brushed  cells  was  positive  on  day  3 and  6 on  the  right,  but  not  the  left  nostril. 
After  infection  RT-PCR  (using  primers  in  the  adenovirus  sequence  and  theCFTR 
sequence)  revealed  a band  of  the  correct  size  which  hybridized  with  a CFTR  probe, 
consistent  with  recombinant  CFTR  mRNA  in  the  samples. 

Cells  were  also  processed  on  cytospin  slides  and  prepared  for  immunocytochemistry  using 
monoclonal  antibodies  to  CFTR.  On  day  3 after  infection,  positive  immunofluorescence 
was  detected  in  all  three  monkeys,  predominantly  in  cells  from  the  right  nostril,  although  a 
few  cells  stained  positive  from  the  left,  control  nostril.  Figure  13  shows  an  example. 

CFTR  was  also  detected  by  immunostaining  in  two  of  the  monkeys  at  one  week  after 
infection.  CFTR  immunofluorescence  was  negative  in  samples  from  monkeys  receiving 
Ad2/6Gal-l.  (Note,  that  we  have  not  determined  whether  our  antibodies  to  human  CFTR 
crossreact  with  endogenous  monkey  CFTR.) 

PCR  of  CFTR  DNA  encoded  by  Ad2/CFTR-1  was  positive  in  cells  from  the  right  nostril, 
but  not  the  left  nostril  or  pharynx,  for  two  weeks  after  infection  in  all  of  the  monkeys. 
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Figure  13.  Cells  obtained  by  brushing  monkey  nasal  epithelium  infected  with  Ad2/CFTR-1. 

Top  two  panels  show  cells  obtained  by  brushing  before  infection  and  bottom  two  panels  show 
cells  obtained  three  days  after  infection  with  Ad2/CFTR-1. 
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Conclusion 

The  results  of  these  studies  indicate  that  the  Ad2/CFTR-1  virus  directs  expression  of  CFTR 
mRNA  and  protein  in  vivo  in  primate  respiratory  epithelial  cells.  As  in  the  study  with  the 
Ad2/GGal-l,  we  found  that  there  was  some  cross  contamination  of  the  control  nostril; 
again,  this  most  likely  is  a result  of  physical  movement  of  the  virus  from  one  side  to  the 
other.  As  with  Ad2/GGal-l,  we  were  unable  to  quantitate  expression  of  CFTR  in  monkey 
nasal  cells  since  we  are  unsure  of  the  sensitivity  of  the  immunocytochemical  assay.  It 
should  be  noted,  however,  that  using  the  same  antibody  to  detect  CFTR  in  normal  human 
airway  tissue  endogenous  protein  is  exceedingly  difficult  to  detect  with  certainty  (32). 

c.  Ad2/BGal-l  applied  to  the  bronchial  epithelium. 

Procedure 

For  this  study,  we  used  2 monkeys  (G  & H).  As  of  late  September,  they  have  been 
followed  for  5 weeks. 

The  monkeys  were  anesthetized  by  intramuscular  injection  of  ketamine  (15  mg/kg)  and  0.5 
mg  of  atropine.  Flexible  fiberoptic  bronchoscopy  was  performed  after  instilling  1 ml  of  1% 
lidocaine  over  the  vocal  cords.  An  airway  lavage  catheter  (Baxter  792017,  a modified 
pulmonary  artery  catheter  with  two  balloons  separated  by  15  mm  and  two  ports  that  end 
between  the  two  balloons),  was  inserted  through  the  bronchoscope  channel.  The  monkeys 
were  placed  in  the  left  lateral  decubitus  position  to  decrease  shunt,  and  the  distal  balloon 
was  inflated  with  2 ml  of  air  at  the  level  of  the  take  off  of  the  right  middle  lobe.  The 
proximal  balloon  was  then  inflated  below  the  take  off  of  the  right  upper  lobe.  This 
procedure  isolated  a small  area  of  the  bronchus  intermedius.  Ad2/GGal-l  (1.6  x 108  PFU  in 
0.5  ml)  was  then  instilled  through  one  of  the  inter-balloon  ports  and  flushed  with  0.25  ml  of 
tris-buffered  saline  (TBS).  After  15  min  the  balloons  were  deflated,  allowing  the 
Ad2/GGal-l  virus  preparation  to  run  by  gravity  into  the  right  middle  lobe  and  the  right 
lower  lobe.  The  bronchoscope  was  then  removed  and  the  monkeys  recovered  from 
anesthesia. 

To  obtain  bronchial  epithelial  cells,  the  monkeys  were  anesthetized  as  described  above,  and 
flexible  fiberoptic  bronchoscopy  was  performed.  A 3 mm  cytology  brush  (Bard)  was 
advanced  through  the  bronchoscope  and  a small  area  of  the  bronchus  intermedius  and  the 
left  main  bronchus  was  brushed  gently  for  about  3 seconds.  The  resulting  cells  were 
dislodged  from  brushes  into  2 ml  of  sterile  PBS.  Bronchoalveolar  lavage  was  performed  by 
wedging  the  tip  of  the  bronchoscope  in  the  right  middle  lobe  bronchus.  An  aliquot  of  20  ml 
of  sterile  PBS  at  room  temperature  was  infused.  Fluid  was  then  withdrawn  by  hand  suction 
into  a syringe.  The  return  from  the  20  ml  infusion  ranged  between  8 and  14  ml. 

Results 

The  cell  suspension  was  processed  as  described  above  in  3. a.  X-Gal  stains  failed  to  reveal 
any  blue  cells  at  any  point  of  the  study.  We  believe  this  may  have  been  due  to  the  low 
sensitivity  of  the  chromogenic  staining  technique.  Therefore,  for  the  samples  from  day  14, 
we  elected  to  use  a fluorescent  assay,  employing  FDG  (fluorescein  di-G-D- 
galactopyranoside.  Molecular  Probes  Inc)  as  the  reporter  for  the  presence  of  G- 
galactosidase  activity.  The  use  of  FDG  in  a fluorescence-activated  cell  analysis  is  reported 
to  be  several  orders  of  magnitude  more  sensitive  than  chromogenic  assays  (142).  When 
analyzed  by  a fluorescence-activated  cell  sorter,  bronchial  epithelium  from  Monkey  H 
revealed  a bimodal  distribution  of  fluorescence  intensity  consistent  with  G-galactosidase 
activity  in  at  least  10%  of  the  cells.  No  G-galactosidase  activity  was  detected  in  bronchial 
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epithelial  cells  by  day  21  post  infection  in  Monkey  H.  No  B-galactosidase  activity  was 
observed  in  a similar  preparation  from  a control  monkey  (Monkey  F,  below). 

PCR  to  test  for  the  presence  of  Ad2/BGal-l  DNA  in  the  brushed  samples  was  positive  in 
the  right  bronchus  and  bronchoalveolar  lavage  samples  from  the  right  side  for  7 days. 

Conclusions 

These  studies  show  that  recombinant  adenovirus  can  target  the  bronchial  epithelium,  as 
well  as  the  nasal  epithelium,  and  direct  protein  expression.  Using  a more  sensitive  assay 
method  we  detected  enzyme  activity  in  at  least  10%  of  cells  14  days  after  treatment.  No 
activity  was  detected  in  control  animals  nor  in  treated  samples  taken  at  later  times. 

B.2.b.(4)  To  what  extent  is  expression  only  from  the  desired  gene  (and  not  from  the 

surrounding  DNA)?  To  what  extent  does  the  insertion  modify  the  expression  of  other 

genes? 

Since  we  have  no  evidence  for  integration  of  adenovirus  DNA  into  the  host  chromosome, 
we  do  not  expect  major  changes  in  the  expression  of  host  cell  DNA  resulting  from 
treatment  of  cells  or  monolayers  with  Ad2/CFTR-1. 

Host  cell  shutoff 

In  the  course  of  a normal  adenovirus  productive  infection  cycle,  host  cell  macromolecular 
synthesis  is  inhibited  (host  cell  shut-off)  (123).  This  process  is  known  to  require  Elb  gene 
function  and  consequently,  we  do  not  expect  treatment  with  Ad2/CFTR-1  to  lead  to  host 
cell  shut-off.  Perhaps  the  best  evidence  that  this  does  not  occur  is  the  finding  that 
Ad2/CFTR-1  treated  CF  nasal  polyp  monolayers  that  express  CFTR  as  evidenced  by 
phenotypic  correction  are  viable  for  at  least  2-3  weeks  in  culture.  Presumably,  even  if 
some  shut  off  does  occur,  it  has  no  deleterious  effect  on  long-term  cell  metabolism. 

Viral  gene  expression 

Reports  in  the  literature  indicate  that  viruses  deleted  for  Ela  or  Elb  have  a limited  ability  to 
reproduce  (101,102,123-126)  and  in  Fig.  8 we  showed  evidence  for  limited  DNA  synthesis 
by  Ad2/CFTR-1  in  human  cells.  This  implies  that,  although  reduced,  expression  of  viral 
genes  is  not  completely  inhibited  especially  at  high  MOI.  Indeed,  it  was  for  this  reason  that 
we  left  intact  the  E3  region.  We  therefore  examined  expression  of  early  and  late  viral 
genes  by  Northern  Blot  analysis  using  as  controls  either  wild- type  or  defective  plus  wild- 
type  helper  infected  cells.  We  detected  transient,  dose-dependent  expression  of  E4  and  L5 
transcripts  in  HeLa  and  CFPAC  cells.  The  levels  of  expression  were  greatly  reduced 
compared  with  wild-type  infected  cells  (less  than  0.1%).  We  have  not  attempted  to  detect 
viral  proteins  encoded  by  these  mRNAs,  but  again,  our  experience  with  human  nasal  polyp 
monolayers  suggests  that  no  toxicity  is  associated  with  this  limited  viral  gene  expression. 

B.2.b.(5)  In  what  percentage  of  cells  does  expression  from  the  added  DNA  occur?  Is  the 
product  biologically  active?  What  percentage  of  normal  activity  results  from  the 
inserted  gene? 

It  is  difficult  to  be  certain  of  the  exact  percentage  of  cells  that  express  the  DNA,  but  the 
studies  with  the  CF  airway  epithelia  cultured  on  permeable  filter  supports  suggest  that  it  is 
possible  to  complement  the  CF  chloride  transport  defect  at  an  MOI  of  5 PFU/cells  and  that 
it  is  possible  to  obtain  detectable  c AMP-stimulated  chloride  secretion  with  as  little  as  0.1 
PFU/cell. 
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B.2.b.(6)  Is  the  gene  expressed  in  cells  other  than  the  target  cells?  If  so.  to  what  extent? 

We  have  not  examined  CFTR  expression  in  cells  other  than  the  airway  or  nasal  epithelium 
in  animals  treated  with  Ad2/CFTR-1. 

A number  of  studies  have  shown  that  functional  CFTR  chloride  channels  can  be  expressed 
in  a wide  variety  of  cells  in  culture  without  obvious  deleterious  effects  (9,23,25,29,33- 
36,38,66).  Were  Ad2/CFTR- 1 to  infect  human  cells  other  than  the  target,  it  is  possible  that 
the  Ela  promoter  would  be  active  and  CFTR  would  be  expressed.  We  have  argued  above. 
Section  3.4,  that  because  the  activity  of  CFTR  is  tightly  regulated,  expression  of  the  protein 
need  not  necessarily  lead  to  alterations  in  overall  ion  transport  or  cell  function.  We  also 
described  transgenic  animals  expressing  very  high  levels  of  CFTR  in  lung  (71)  and 
mammary  glands  (72)  in  which  no  deleterious  effects  were  seen.  The  same  conclusion  was 
drawn  from  preliminary  examination  of  transgenic  animals  expressing  CFTR  under  the 
influence  of  the  ubiquitous  6 actin  promoter. 


B.2.c.  Laboratory  studies  pertaining  to  the  safety  of  the  deliverv/expression  system. 
B.2.c.(l)  If  a retroviral  system  is  used:  (a)  - (e) 

These  questions  do  not  apply  to  our  protocol. 

B.2.c.(2)  If  a nonretroviral  delivery  system  is  used:  What  animal  studies  have  been  done  to 
determine  if  there  are  pathological  or  other  undesirable  consequences  of  the  protocol 
(including  insertion  of  DNA  into  cells  other  than  those  treated,  particularly  germ  line 
cells)?  How  long  have  the  animals  been  studied  after  treatment?  What  tests  have 
been  used  and  what  is  their  sensitivity? 

Studies  of  the  adenovirus  constructs  have  been  performed  with  Syrian  hamsters  and 
primates.  In  addition,  safety  aspects  are  addressed  with  studies  of  virus-treated  cell  lines 
and  studies  of  primary  cultures  of  human  airway  epithelia  grown  on  permeable  supports. 

1.  Cultured  Cells 

The  consequences  of  administering  Ad2/CFTR-1  or  Ad2/6Gal-l  to  cultured  cells  were 
described  above.  These  studies  provided  evidence  for  limited  early  and  late  viral  gene 
expression  and  limited  transient  viral  DNA  synthesis. 

As  a follow  up  to  these  results,  we  have  in  some  cases  examined  virus  replication  by  the 
ability  of  culture  supernatant  from  Ad2/CFTR-1  treated  cells  to  plaque  or  to  cause  CPE  in 
293  cells.  Such  experiments  reveal  no  evidence  for  Ad2  vector  replication,  presumably 
because  even  if  limited  gene  expression  occurs,  insufficient  protein  is  produced  to  support 
assembly  of  progeny  virions.  More  importantly,  we  also  have  no  evidence  of  vector 
replication  from  animal  experiments  as  described  below. 

On  some  occasions  we  have  detected  CPE  on  293  cells  in  assays  of  Ad2  vector-treated 
human  cell  supernatants.  When  characterized  by  restriction  enzyme  analysis,  only  wild- 
type  Ad2  virus  DNA  was  detected.  We  do  not  know  the  origin  of  the  wild-type  virus,  it 
could  have  originated  in  the  original  human  cells  themselves,  been  present  at  the  low  level 
in  the  input  virus,  or,  perhaps  most  likely,  resulted  from  contamination  within  the 
laboratory. 
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2.  Primary  cultures  of  human  airway  epithelia  grown  on  permeable  supports. 

Procedures 

As  described  in  Point  B.2.b.(3),  normal  and  CF  airway  epithelia  were  cultured  on 
permeable  filter  supports  and  allowed  to  develop  a low  transepithelial  conductance.  They 
were  then  exposed  to  either  the  Ad2/CFTR-1  or  the  Ad2/BGal-l  virus. 

Results 

The  transepithelial  conductance  of  normal  and  CF  airway  epithelial  monolayers  infected 
with  Ad2/CFTR-1,  Ad2/BGal-l,  or  no  virus  were  indistinguishable.  Figure  14A  shows  the 
time  course  of  transepithelial  conductance  from  4 CF  monolayers  studied  for  9 days  after 
application  of  either  Ad2/CFTR-1  (5  MOI)  or  vehicle  control;  Fig.  14B  shows  mean  data 
from  7 control  CF  epithelial  monolayers  and  10  Ad2/CFTR-1 -treated  (5  MOI)  monolayers 
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Figure  14.  Effect  of  Ad2/CFTR-1  on  transepithelial  conductance. 


followed  for  3 days  after  infection.  The  data  indicate  that  there  was  no  significant  effect  of 
virus  on  transepithelial  conductance;  transepithelial  conductance  usually  begins  to  increase 
after  two  weeks  in  culture,  because  the  monolayers  have  a limited  lifetime.  Moreover, 
infection  with  either  of  the  two  recombinant  viruses  did  not  alter  the  electrolyte  transport 
properties  (amiloride-sensitive  Na+  absorption  and  cAMP-stimulated  chloride  secretion). 
When  the  infected  and  uninfected  monolayers  were  compared  by  light  microscopy,  they 
were  indistinguishable;  Fig.  15  shows  an  example. 

Conclusion 

These  data  indicate  that  infection  of  epithelial  monolayers  with  the  recombinant  adenoviral 
vectors  did  not  produce  any  adverse  effects  on  tight  junctions,  cell  morphology,  or  the 
capacity  for  transepithelial  electrolyte  transport.  The  lack  of  alteration  in  transepithelial 
conductance,  which  is  directly  related  to  the  permeability  of  the  epithelial  barrier,  indicates 
that  there  was  no  effect  on  the  integrity  of  the  epithelium. 

3.  Hamster  studies. 

Several  studies  involved  the  intratracheal  instillation  of  the  Ad2/BGal-l  viral  vector  into 
Syrian  hamsters.  The  hamster  is  a permissive  host  for  serotype  C adenovirus  (143,144)  and 
has  been  used  as  a model  system. 
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a.  Study  One. 

Procedures 

This  study  was  a time  course  assessment  of  the  pulmonary  and  systemic  acute 
inflammatory  response  to  a single  intratracheal  administration  of  Ad2/BGal-l.  In  this 
study,  a total  of  24  animals  were  distributed  among  three  treatment  groups:  8 vehicle 
control,  8 low  dose  virus  (IxIOH  particles;  3x10^  PFU),  and  8 high  dose  virus  (1.7x10^ 
particles;  5x10^  PFU).  Within  each  treatment  group,  2 animals  were  analyzed  at  each  of 
four  time  points  after  viral  vector  instillation;  the  times  were  6 hrs,  24  hrs,  48  hrs,  and  7 
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days.  At  the  time  of  sacrifice  of  each  animal,  lung  lavage  and  blood  samples  were  taken  for 
analysis.  The  lungs  were  fixed  and  processed  for  normal  light-level  histology. 

Blood  and  lavage  fluid  were  evaluated  for  total  leukocyte  count  and  leukocyte  differential. 
As  an  addition^  measure  of  the  inflammatory  process,  lavage  fluid  was  evaluated  for  total 
protein.  Lung  lavage  fluid  was  also  evaluated  for  the  presence  of  infectious  viral  particles. 
Following  embedding,  sectioning  and  hematoxylin/eosin  staining,  lung  sections  were 
evaluated  for  signs  of  inflammation  and  airway  epithelial  damage. 

Results 

With  the  small  sample  size,  the  data  from  this  preliminary  study  were  not  amenable  to 
statistical  analyses,  however,  some  general  trends  could  be  ascertained.  In  the  peripheral 
blood  samples,  total  leukocyte  counts  showed  no  apparent  dose-  or  time-dependent 
changes.  In  the  blood  leukocyte  differential  counts,  there  was  a minor  dose-related 
elevation  in  percentage  of  neutrophils  at  6 hours,  however,  data  from  all  other  time  points 
showed  no  elevation  in  neutrophil  percentages.  Taken  together,  these  data  suggest  a 
minimal  and  transient  systemic  inflammatory  response  to  viral  administration. 

From  the  lung  lavage,  some  elevation  in  total  neutrophil  and  percentage  neutrophil  counts 
were  observed  at  the  first  three  time  points  (6  hr,  24  hr,  48  hr).  By  seven  days,  both  total 
and  percentage  of  neutrophil  values  had  returned  to  the  normal  range.  The  trends  in  lung 
lavage  protein  levels  were  more  difficult  to  assess  due  to  inter-animal  variability,  however, 
no  obvious  dose-  or  time-dependent  effects  were  readily  apparent.  From  the  lung 
histology,  two  clear  observations  were  apparent.  First,  no  damage  to  airway  epithelium 
was  observed  at  any  time  point  or  virus  dose  level.  Second,  a time-  and  dose-dependent 
mild  inflammatory  response  was  observed,  being  maximal  in  the  48  hr  high  virus  dose 
animals.  By  seven  days,  the  inflammatory  response  had  completely  resolved,  such  that  the 
lungs  from  animals  in  all  treatment  groups  were  indistinguishable. 

In  the  virus  titer  assay  of  the  lung  lavage  fluid,  cytopathic  effect  (CPE)  was  observed  in  one 
of  two  control  animals  from  the  6 hr  and  24  hr  time  points,  and  in  one  of  two  high  dose 
animals  at  all  four  time  points.  Culture  supernatants  from  the  initial  CPE  positive  plates 
were  reinoculated  onto  293  cells,  and  examined  by  immunofluorescence  for  adenovirus 
structural  proteins.  DNA  was  extracted  and  characterized  by  restriction  enzyme  analysis. 
Only  two  of  the  CPE  positive  samples  stained  with  adenovirus  antibody  (6  hr  high  dose,  48 
hrs  high  dose)  and  of  these  the  6 hr  sample  has  been  confirmed  as  Ad2/BGal,  presumably 
residual  imput  virus.  No  sample  has  been  confirmed  to  have  wild-type  virus.  We  assume 
that  the  majority  of  samples  giving  CPE,  contained  other  viruses  or  agents,  perhaps 
originating  from  the  hamsters. 

Conclusion 

In  summary,  a mild,  transient,  inflammatory  response  appears  to  be  associated  with  the 
intratracheal  administration  of  the  described  doses  of  adenoviral  vector  in  the  Syrian 
hamster.  Of  note,  the  high  dose  hamsters  received  100  times  the  number  of  viral  PFUs  as 
we  propose  to  deliver  to  the  highest  dose  human. 

b.  Study  Two. 

Procedures 

A single  intratracheal  Ad2/BGal-l  administration  hamster  study  is  in  progress.  This  study 
is  designed  to  assess  the  possibility  of  productive  infection  of  organs  outside  of  the  lung, 
the  possibility  of  a long  term  pulmonary  inflammatory  response,  and  the  antibody  response 
of  the  animals  to  the  adenoviral  vector.  In  this  study,  the  three  treatment  groups  are: 
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vehicle  control,  low  dose  virus  (6  x 106  PFU),  and  high  dose  virus  (8  x 107  PFU).  Each 
group  contained  9-12  animals.  The  doses  expressed  as  particles  per  animal  were  low  dose, 
3.5  x 1011  and  high  dose  5 x 1012  . The  particle  to  PFU  ratio  of  this  preparation  of  virus 
was  lower  than  usual;  we  noted  aggregation  upon  purification  of  this  preparation,  perhaps 
because  of  the  scale  required  for  this  preparation  of  virus.  Two  to  four  animals  per  virus 
dose  level  were  evaluated  at  three  time  points:  1 day,  1 week,  and  4 weeks.  In  this  study, 
viral  vector  persistence  and  possible  spread  is  being  evaluated  by  the  assessment  of  the 
presence  of  virus  in  numerous  organs  including  lung,  gut,  heart,  liver,  spleen,  kidney,  brain 
and  gonads.  The  presence  of  virus  in  the  various  tissues  is  being  evaluated  by  CPE  assay 
of  tissue  homogenates  where  possible  and,  where  tissue  homogenates  interfere  with  such 
assays,  indirect  immunofluorescence  detection  of  viral  proteins  is  being  used.  Adenoviral 
antibody  titer  has  been  measured  in  peripheral  blood  and  lung  lavage  samples. 

Additionally,  lung  lavage,  peripheral  blood  and  lung  histology  were  evaluated  as  in  the 
previous  study. 

Results 

The  first  phase  of  this  study  is  completed,  and  evaluation  of  the  large  number  of  samples  is 
ongoing.  In  the  peripheral  blood,  total  leukocyte  counts  were,  in  general,  within  normal 
range.  A mild  to  moderate  leukopenia  was  observed  in  several  animals  of  all  three 
treatment  groups  at  the  4 week  time  point.  However,  this  leukopenia  did  not  appear  to  be  a 
dose-related  phenomenon.  The  only  consistent  dose-related  effect  observed  was  a mild 
elevation  in  total  leukocyte  count  in  the  1 week  animals  which  had  received  the  high  dose 
of  virus.  Blood  leukocyte  differential  counts  were  also  generally  normal  throughout  the 
study.  Several  animals  in  each  treatment  group  had  a mildly  elevated  percentage  of 
neutrophils  at  the  1 day  time  point.  Again,  this  observation  did  not  appear  to  be  related  to 
virus  dose.  Neutrophil  percentages  were  within  the  normal  range  for  all  treatment  groups  at 
both  1 and  4 weeks. 

In  the  lung  lavage  samples,  no  dose-dependent  alterations  in  either  total  leukocyte  count  or 
leukocyte  differential  were  observed.  A few  animals  from  all  groups  at  the  1 day  time 
point  showed  a slightly  elevated  percentage  of  neutrophils,  consistent  with  an  instillation- 
associated  mild  inflammatory  response.  Lavage  samples  from  animals  at  all  time  points 
and  treatment  groups  also  showed  some  level  of  erythrocytes,  both  free  and  within 
phagocytic  cells.  The  cause  of  this  observation  is  not  clear,  however,  it  does  not  appear  to 
be  treatment-related.  The  absence  of  dose-related  adverse  effects  on  the  lungs  was  also 
confirmed  by  the  lavage  protein  data.  There  were  no  dose-  or  time-related  changes  in  lung 
lavage  protein  observed.  Although  two  animals  from  the  1 week  control  group  exhibited 
moderately  elevated  protein  levels,  all  other  1 week  animals  had  normal  protein  levels  in 
the  lavage  fluid.  The  histological  evaluation  of  the  lungs  was  also  consistent  with  the 
observations  noted  above.  Specifically,  no  dose-  or  time-related  changes  in  lung  histology 
were  observed;  airway  epithelium  was  intact  and  no  focal  or  widespread  inflammation  was 
observed. 

The  lung  lavage  samples  from  1 day  and  1 week,  and  fecal  samples  from  1 week  time 
points  of  all  three  treatment  groups  have  been  tested  for  the  presence  of  infectious  viral 
particles.  No  infectious  virions  were  detected.  The  one  month  lung  tissue  samples  from  all 
four  of  the  high  dose  and  lung  lavage  samples  from  two  high  dose  animals  have  also  been 
tested  and  again  no  infectious  virions  detected.  Remaining  lavage,  lung  tissue  and  fecal 
samples  from  other  time  points  are  currently  being  tested. 

A clear  time  and  dose-dependent  serum  antibody  response  was  detected  in  all  the  hamsters. 
It  should  be  noted  that  as  expressed  as  mass/kg  these  animals  were  treated  with 
approximately  50,000  times  the  maximum  human  dose  proposed  in  our  study.  Lung  lavage 
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samples  from  the  4 week  animals  also  showed  evidence  of  a dose-dependent  increase  in 
Ad2  antibody  titer  but  at  approximately  a 100  times  lower  level  than  in  serum. 

Conclusions 

The  intratracheal  administration  of  the  described  doses  of  Ad2/fiGal-l  into  hamsters  does 
not  appear  to  cause  any  persistent  pulmonary  or  systemic  adverse  inflammatory  events. 
Additionally,  infectious  virions  were  not  detectable  in  either  lung  lavage  or  feces  of  the  1 
week  animals  nor  in  one  month  high  dose  lung  tissue  samples. 

c.  Studies  in  progress 

A separate  study,  designed  specifically  to  focus  on  detection  of  viral  DNA  in  various 
organs  to  assess  the  spread  of  added  virus  is  in  progress.  In  this  study,  male  and  female 
Syrian  hamsters  have  been  given  Ad2/8Gal-l  (1.4  x 1010  PFU)  by  intratracheal  instillation. 
At  7 days  post-instillation,  various  tissues,  including  lung,  gut  and  gonads,  were  removed 
and  analyzed  by  PCR  for  the  presence  of  Ad2/BGal-l  DNA.  Under  conditions  where 
vector  DNA  was  readily  detected  in  treated  lung  samples,  we  have  observed  no  confirmed 
PCR  signal  in  liver,  kidney,  ovary  and  testes,  nor  in  the  lungs  of  sentinal  hamsters.  This 
experiment  is  being  repeated  with  other  species  and  other  tissues,  but  results  so  far  suggest 
that  no  transmission  of  vector  DNA  to  other  tissues,  including  the  gonads,  has  occurred. 

An  additional  study,  utilizing  wild-type  Ad2  is  also  in  progress.  The  objectives  of  this 
study  are  twofold,  to  confirm  the  reported  susceptibility  of  Syrian  hamsters  to  wild-type 
adenovirus  serotype  C infection  (91,144),  and  to  provide  positive  control  tissues  for  both 
immunofluorescence  localization  of  adenoviral  protein  within  various  tissues  and  organs. 
Six  male  Syrian  hamsters  will  be  given  intranasal  doses  of  1 x 107  PFU  of  wild-type  Ad2 
virus.  At  3,  5 and  7 days  after  virus  administration,  two  animals  will  be  sacrificed  and 
various  organs  harvested  for  analysis.  Lung  and  blood  samples  will  be  analyzed  for  the 
presence  of  infective  virions.  Other  organs  (as  listed  in  the  previous  study)  will  be 
analyzed  by  immunofluorescence  localization  methods  for  the  presence  of  viral  proteins. 

To  improve  sample  size,  an  additional  study,  similar  in  design  to  study  one,  but  using  larger 
numbers  of  animals,  will  begin  shortly.  We  are  also  repeating  the  experiment  in  cotton 
rats,  another  host  permissive  for  adenovirus  replication.  Both  of  these  studies  will  use 
Ad2/CFTR-1. 

Conclusions 

Taken  together,  these  hamster  data  suggest  little  or  no  systemic  inflammatory  response  to 
the  viral  administration.  There  was  a mild,  transient,  pulmonary  inflammatory  response 
which  appeared  to  be  associated  with  the  intratracheal  administration  of  the  described  doses 
of  adenoviral  vector  in  the  Syrian  Hamster.  Serum  antibody  to  adenovirus  was  detected  in 
all  treated  animals.  No  evidence  of  vector  replication  was  obtained. 

4.  Primate  studies. 

a.  Ad2/BGal-l  applied  to  the  nasal  epithelium. 

Procedure 

The  procedure  for  two  monkeys  (A  and  B)  was  described  above,  point  B.2.b.(3).  The 
monkeys  were  completely  evaluated  on  days  1,  4,  7,  14,  21,  28,  42,  and  63.  The  monkeys 
were  also  observed  daily  for  any  abnormal  behavior  or  physical  signs. 
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Results 

Examination.  Both  monkeys  tolerated  the  procedure  well.  Visual  inspection  of  the  nasal 
epithelium  revealed  no  inflammatory  response.  Daily  examination  revealed  no  evidence  of 
coryza  or  conjunctivitis.  There  was  no  cough,  sneezing,  or  diarrhea.  For  both  monkeys, 
the  nasal  mucosa  was  mildly  erythematous  in  both  the  infection  side  and  the  control  side  on 
the  first  day  after  infection;  we  interpret  this  as  a change  due  to  the  instrumentation.  This 
decreased  in  subsequent  studies  as  our  techniques  improved.  Appetites  and  weights  were 
not  affected  by  virus  administration  in  either  monkey.  Physical  examination  revealed  no 
evidence  of  lymphadenopathy,  tachypnea,  or  tachycardia.  On  day  21,  monkey  B had  a 
temperature  39.1°  C (normal  for  Rhesus  monkey  38.8°C)  but  had  no  other  abnormalities  on 
physical  exam  or  in  laboratory  data. 

Blood  counts  and  serology.  Monkey  A had  a slight  leukocytosis  on  day  1 post  infection 
which  returned  to  normal  by  day  4:  the  WBC  was  4,920  on  the  day  of  infection,  8,070  on 
day  1,  and  5,200  on  day  4.  The  ESR,  serum  electrolytes,  transaminases,  BUN  and 
creatinine  were  normal  throughout . 

Cytology  of  the  nasal  epithelium.  We  assessed  epithelial  inflammation  by  cytological 
examination  of  Wright-stained  cells  (cytospin)  obtained  from  brushings  of  the  nasal 
epithelium.  We  compared  the  percentage  of  neutrophils  and  lymphocytes  to  that  of  the 
control  nostril  and  to  the  normal  values  from  four  control  monkeys.  Wright  stains  of  cells 
from  nasal  brushing  were  performed  on  each  of  the  evaluation  days.  They  revealed  less 
than  5%  neutrophils  and  lymphocytes.  There  was  no  difference  between  the  infected  and 
the  control  side. 

Presence  of  virus  and  virus  replication  on  the  airway  epithelium.  We  tested  for  the 
presence  of  virus  in  the  supernatant  of  the  cell  suspension  from  swabs  and  brushes  from 
each  nostril,  the  pharynx,  and  trachea  of  both  monkeys.  Each  supernatant  was  used  to 
infect  the  virus-sensitive  293  cell  line.  Cytopathic  changes  in  the  293  cells  were  monitored 
for  1 week  and  then  the  cells  were  fixed  and  stained  for  6-galactosidase  activity. 

Cytopathic  effects  and  blue-stained  cells  indicated  the  presence  of  live  virus.  In  Monkey 
A,  live  virus  was  detected  in  both  nostrils  on  day  3 after  infection;  no  live  virus  was 
detected  at  either  one  or  two  weeks  post-infection.  In  Monkey  B,  live  virus  was  detected  in 
both  nostrils,  pharynx,  and  trachea  on  day  3,  and  only  in  the  infected  nostril  on  day  7 after 
infection.  No  live  virus  was  detected  at  2 weeks  or  after. 

Stool  culture.  Stools  were  collected  every  week  and  cultured  for  virus;  all  were  negative. 

Adenovirus  antibody  titers.  Adenovirus  antibody  titers  were  measured  by  ELISA  at  the 
Iowa  State  Hygienic  Laboratory.  Adenovirus  2 antibody  titers  were  measured  by  ELISA  at 
Genzyme.  Both  monkeys  had  an  increase  in  adenovirus  2 antibody  titers. 

Conclusions 

The  results  of  these  safety  studies  are  reassuring  in  several  respects.  Neither  monkey 
developed  any  signs  associated  with  wild-type  adenoviral  infection.  Although  live  virus 
was  present  in  the  nasal  washings  for  at  least  1 week  (in  one  of  the  monkeys),  there  was  no 
evidence  of  live  virus  at  day  14  or  beyond.  Virus  was  present  in  the  contralateral  nostril 
and  pharynx;  we  think  the  virus  most  likely  reached  those  locations  via  drainage  by  gravity 
after  we  released  the  posterior  occlusion  or  it  may  have  been  caused  by  the  monkey  putting 
its  finger  from  one  nostril  to  another  after  recovery  from  anesthesia.  The  monkeys  received 
approximately  16-80  times  the  highest  proposed  human  dose  (on  a PFU/cell  basis),  there 
were  no  adverse  consequences  and  live  virus  rapidly  disappeared.  Finally,  Ad2/BGal-l  was 
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not  detected  in  stool  samples  taken  for  over  one  month,  suggesting  that  ingestion  of  virus 
followed  by  replication  in  the  gut  does  not  occur. 

b.  Ad2/CFTR-1  applied  to  the  nasal  epithelium. 

Procedure 

The  procedure  for  three  monkeys  (C,  D,  and  E)  was  described  above.  Point  B.2.b.(3).  The 
monkeys  were  completely  evaluated  on  days  1,  3,  6,  13,  20,  and  27.  The  monkeys  were 
also  observed  daily  for  any  abnormal  behavior  or  physical  signs. 

Results 

Examination.  The  three  monkeys  tolerated  the  application  procedure  well.  Visual 
inspection  of  the  nasal  epithelium  revealed  no  inflammatory  response.  Daily  examination 
revealed  no  evidence  of  coryza  or  conjunctivitis.  There  was  no  cough,  sneezing,  or 
diarrhea.  Slight  erythema  was  observed  in  all  three  monkeys  in  both  the  control  (left)  and 
virus  (right)  nostril  on  the  first  day  after  infection  and  then  disappeared.  Appetites  and 
weights  were  not  affected  by  virus  administration.  Monkey  E had  a poor  appetite  requiring 
special  diet  before  the  infection,  but  it  improved  throughout  the  experiment.  Physical 
examination  revealed  no  evidence  of  fever,  lymphadenopathy,  tachypnea  or  tachycardia  at 
any  time. 

Blood  counts  and  serology.  One  of  the  monkeys  had  a relative  blood  leukocytosis  on  day 
6 post  infection.  The  WBC  increased  to  8,000  from  a preinfection  count  of  3,400.  No 
abnormalities  were  found  in  the  hematology  of  the  other  two  monkeys  . Serum  ESR, 
electrolytes,  transaminases,  BUN  and  creatinine  were  normal  throughout. 

Cytology  and  Histology  of  the  nasal  epithelium.  We  assessed  epithelial  inflammation  by 
cytological  examination  of  Wright-stained  cells  obtained  from  brushings  of  the  nasal 
mucosa.  Wright  stains  of  cells  from  the  nasal  mucosa  were  evaluated  at  each  of  the  time 
points.  Monkey  C had  a slight  increase  in  inflammatory  cells  in  both  control  and  infected- 
nostrils  on  day  1;  on  subsequent  days  the  number  of  inflammatory  cells  (lymphocytes, 
neutrophils,  eosinophils)  was  less  than  5%.  Monkey  D had  less  than  5%  inflammatory 
cells  throughout.  Monkey  E had  an  increased  percentage  of  eosinophils  in  both  nostrils  at 
all  the  time  points. 

Presence  of  virus  on  the  airway  epithelium.  We  tested  for  the  presence  of  virus  in  the 
supernatant  of  the  cell  suspension  from  swabs  and  brushes  from  each  nostril  and  the 
pharynx.  Cytopathic  changes  were  monitored  for  5 days  and  then  the  293  cells  were 
stained  with  an  FITC-labeled  anti-adenovirus  monoclonal  antibody  (Chemicon).  Live  virus 
was  detected  on  day  1 and  3,  but  not  on  day  7 or  thereafter. 

Stool  culture.  Stools  were  collected  every  week  and  cultured  for  virus;  all  were  negative. 

Adenovirus  antibody  titers.  All  three  monkeys  had  an  increase  in  adenovirus  titers  and 
adenovirus  2 antibody  titers  after  infection. 

Conclusions 

None  of  the  monkeys  developed  any  signs  associated  with  wild-type  adenoviral  infection. 
Significant  eosinophilia  was  observed  from  nasal  brushings  of  one  of  the  monkeys;  this 
was  not  associated  with  blood  eosinophilia  or  with  clinical  signs  of  allergic  rhinitis.  As  we 
indicate  below,  this  was  also  observed  in  the  bronchial  brushings  of  some  of  the  monkeys 
before  virus  administration  and  it  was  found  in  the  sentinal  monkey.  Monkeys  that  had 
eosinophilia  on  any  respiratory  surface  were  monkeys  E,  F,  G,  and  H.  These  four  monkeys 
were  recently  transferred  from  San  Francisco  to  Iowa;  monkeys  A and  B have  lived  in  Iowa 
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for  several  years;  monkeys  C and  D were  from  Cleveland.  We  interpret  the  eosinophilia  as 
an  unrelated  occurrence  because:  it  was  present  in  all  of  the  San  Francisco  monkeys 
irrespective  of  the  treatment  group,  it  did  not  occur  in  the  Iowa  or  Cleveland  monkeys,  and 
the  eosinophilia  preceded  the  virus  administration.  There  were  no  other  signs  or 
manifestations  of  a significant  inflammatory  response.  There  was  no  evidence  of  viral 
replication.  Finally,  Ad2/CFTR-1  was  not  detected  in  stool  samples  suggesting  that 
ingestion  of  virus  followed  by  replication  in  the  gut  does  not  occur.  We  conclude  that 
Ad2/CFTR-1  appears  to  be  safe  for  topical  application  in  the  nasal  mucosa. 

c.  Ad2/BGal-l  applied  to  the  bronchial  epithelium. 

Procedure 

The  procedure  for  two  monkeys  (G  and  H)  was  described  above,  point  B.2.b.(3).  The 
monkeys  were  completely  evaluated  on  days  1,  4,  7,  14,  21,  28,  and  35.  The  monkeys  were 
also  observed  daily  for  any  abnormal  behavior  or  physical  signs. 

Results 

Examination.  The  two  monkeys  tolerated  the  infection  procedure  well.  Neither  monkey 
became  cyanotic  or  bradycardic.  We  looked  for  a systemic  inflammatory  response  by  daily 
visual  inspection  of  the  nasal  epithelium.  Neither  of  the  monkeys  developed  any  evidence 
of  coryza,  conjunctivitis  or  diarrhea.  There  was  no  cough  or  sneezing.  Physical 
examination  revealed  no  evidence  of  lymphadenopathy,  tachypnea  or  tachycardia.  Monkey 
G had  a rectal  temperature  39.1°  C on  day  4 post  infection  and  Monkey  H had  a rectal 
temperature  of  39.4°  C on  day  1 and  39.2°  C on  day  4 post  infection.  Appetites  and 
weights  were  not  affected  by  virus  administration  in  either  monkey.  Both  monkeys 
underwent  flexible  fiberoptic  bronchoscopy  on  each  evaluation  day.  The  bronchial  mucosa 
from  monkey  H appeared  normal  throughout  the  experiment.  Bronchial  examination  of 
monkey  G revealed  erythematous  mucosa  at  the  right  main  bronchus  on  days  1 and  4 post 
infection  and  appeared  normal  thereafter. 

Blood  counts  and  serology.  Monkey  H had  a blood  leukocytosis  on  day  4 post  infection; 
the  WBC  increased  to  1 1,300  with  8,380  neutrophils.  No  other  abnormalities  were  found 
in  the  hematology,  ESR,  serum  electrolytes,  transaminases,  BUN  or  creatinine. 

Cytology  of  the  bronchial  epithelium  and  bronchoalveolar  lavage.  We  assessed  epithelial 
inflammation  by  cytological  examination  of  Wright-stained  cells  obtained  from  brushings 
of  the  bronchial  mucosa  of  the  right  bronchus  intermidius,  the  left  main  bronchus  and 
bronchoalveolar  lavage.  At  baseline  Monkey  H had  7%  eosinophils  in  the  tracheal 
brushings.  Both  monkeys  had  a significant  percentage  of  eosinophils  in  samples  from  right 
and  left  bronchial  mucosa  at  all  time  points.  Bronchoalveolar  lavage  from  the  right  middle 
lobe  revealed  a significant  number  of  eosinophils  throughout  the  experiment  in  monkey  G 
(10-46%)  and  on  days  1,  4,  and  7 in  monkey  H (29  - 39%).  No  significant  lymphocytosis  or 
increase  in  neutrophils  was  observed. 

Presence  of  virus  replication  on  the  airway  epithelium.  At  each  of  the  time  points  we 
tested  for  the  presence  of  live  virus  in  the  supernatant  of  the  cell  suspension  from  bronchial 
brushings  and  bronchoalveolar  lavage  as  described  above,  using  the  virus-sensitive  293  cell 
line.  In  both  monkeys,  live  virus  was  detected  from  the  right  bronchial  brushings  and 
bronchoalveolar  lavage  on  day  1 post  infection.  On  day  4 post  infection  live  virus  was 
detected  in  samples  from  bilateral  bronchial  brushings  and  bronchoalveolar  lavage  from 
monkey  H.  No  live  virus  was  detected  from  monkey  G on  day  4.  There  was  no  live  virus 
from  either  monkey  on  day  7 or  after. 
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Stool  culture.  Stools  were  collected  every  week  and  cultured  for  virus;  all  were  negative. 

Adenovirus  antibody  titers.  Both  monkeys  had  a significant  rise  in  adenovirus  2 antibody 
titers. 

Conclusions 

Both  monkeys  developed  a transient  low  grade  fever  after  infection  with  the  recombinant 
virus.  The  procedures  that  these  monkeys  were  exposed  to  may  have  contributed  to  the 
fever.  About  10%  of  the  human  patients  that  undergo  bronchoalveolar  lavage  develop 
fever  within  24  hours.  The  bronchial  instillation  of  a large  number  of  viral  particles  may 
have  been  responsible  for  the  fever  and  increase  in  WBC.  Even  though  significant 
eosinophilia  was  observed  in  bronchial  brushings  and  bronchoalveolar  lavage,  we  do  not 
believe  that  the  eosinophilia  is  related  to  the  virus  for  the  reasons  considered  above  in  b. 
(Ad2/CFTR-1  applied  to  the  nasal  epithelium).  Both  monkeys  had  a significant  rise  in 
antibody  titer  to  adenovirus.  After  a week  we  could  no  longer  detect  the  presence  of  a live 
virus.  Finally,  Ad2/6Gal- 1 was  not  detected  in  stool  samples  suggesting  that  ingestion  of 
virus  followed  by  replication  in  the  gut  does  not  occur. 

d.  Sentinel  monkey. 

Procedure 

Monkey  F was  housed  in  the  same  room  and  was  immediately  adjacent  to  and  surrounded 
by  monkeys  C,  D,  E,  G,  and  H.  Besides  being  used  as  sentinel,  monkey  F had  exactly  the 
same  procedures  as  did  monkey  G and  H,  except  that  tris  buffered  saline  was  instilled  in  the 
right  bronchus  intermidius  instead  of  Ad2/6Gal-l.  The  monkey  was  completely  evaluated 
on  days  1,  4,  7,  14,  21,  28,  and  35.  The  monkey  was  also  observed  daily  for  any  abnormal 
behavior  or  physical  signs. 

Results 

Examination.  The  monkey  tolerated  the  mock  infection  procedure  well,  and  did  not 
become  cyanotic  or  bradycardic.  Visual  inspection  of  the  nasal  epithelium  revealed  no 
inflammatory  response.  The  monkey  had  no  evidence  of  coryza,  conjunctivitis  or  diarrhea. 
There  were  no  changes  in  behavior.  There  was  no  cough  or  sneezing.  Physical 
examination  revealed  no  evidence  of  lymphadenopathy,  fever,  tachypnea  or  tachycardia. 
Appetite  and  weight  were  not  affected.  Flexible  fiberoptic  bronchoscopy  revealed  a normal 
appearance  of  the  bronchial  mucosa  throughout  the  experiment. 

Blood  counts  and  serology. 

Blood  leukocytosis  was  seen  on  days  1 and  4 post  infection,  with  neutrophil  counts  of 
7,460  and  5,800/mm3,  respectively.  Serum  electrolytes,  transaminases,  BUN,  ESR,  and 
creatinine  were  normal  throughout. 

Cytology  of  the  bronchial  epithelium  and  bronchoalveolar  lavage.  We  assessed  epithelial 
inflammation  by  cytological  examination  of  Wright-stained  cells  obtained  from  brushings 
of  the  bronchial  mucosa  of  the  right  bronchus  intermidius  and  bronchoalveolar  lavage.  A 
significant  percentage  of  eosinophils  in  samples  from  right  bronchial  mucosa  was  noted  on 
days  1, 4,  post  instillation  of  placebo.  Bronchoalveolar  lavage  from  the  right  middle  lobe 
revealed  significant  number  of  eosinophils  throughout  the  experiment  (12-52%).  No 
significant  lymphocytosis  or  increase  in  neutrophils  was  observed. 

Presence  of  virus  on  the  airway  epithelium.  At  each  of  the  time  points,  we  tested  for  the 
presence  of  virus  in  the  supernatant  of  the  cell  suspension  from  bronchial  brushings  and 
bronchoalveolar  lavage.  No  virus  was  detected  at  any  point  of  the  experiment. 
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Stool  culture.  Stools  were  collected  every  week  and  cultured  for  virus;  all  were  negative. 

Adenovirus  antibody  titers.  No  increase  in  antibody  to  adenovirus  or  adenovirus  2 was 
detected  at  any  of  the  time  points. 

Conclusion. 

The  results  of  this  experiment  are  important  in  several  respects.  Despite  being  housed  in 
close  proximity  to  two  monkeys  treated  with  Ad2/6Gal-l  bronchial  instillation  and  3 
monkeys  treated  with  Ad2/CFTR-1  virus,  the  sentinel  monkey  developed  no  increase  in 
antibody  titers  to  the  virus.  Moreover,  no  live  virus  was  isolated  at  any  point  from  the  lung 
or  nose  or  from  stool  samples  of  the  sentinel  monkey.  The  fact  that  the  sentinel  monkey 
had  eosinophilia  on  bronchial  brushings  and  bronchoalveolar  lavage,  suggests  that  it  was 
not  due  to  the  recombinant  virus. 

B.3.  Clinical  procedures,  including  patient  monitoring. 

Describe  the  treatment  that  will  be  administered  to  patients  and  the  diagnostic 
methods  that  will  be  used  to  monitor  the  success  or  failure  of  the  treatment.  If 
previous  clinical  studies  using  similar  methods  have  been  performed  by  yourself  or 
others,  indicate  their  relevance  to  the  proposed  study. 

1.  Study  design. 

This  is  a nonrandomized,  nonblinded  administration  of  recombinant  Ad2/CFTR-1  virus  to  a 
defined  and  limited  area  of  respiratory  nasal  epithelium. 

2.  Pretreatment  evaluation. 

To  insure  clinical  stability,  participants  will  enter  the  study  at  least  6 weeks  before 
administration  of  virus.  They  will  then  be  followed  as  outpatients  at  3 to  4 week  intervals 
until  admission  for  application  of  the  recombinant  virus.  Participants  will  receive  the 
evaluation  described  below  at  the  time  of  entry  into  the  study  and  then  at  the  time  of 
admission  to  the  hospital.  They  may  also  receive  any  of  the  following  tests  between 
enrollment  and  administration  of  the  recombinant  virus  at  the  discretion  of  the 
investigators,  if  there  is  a significant  change  in  clinical  status. 

a.  Complete  history  and  chart  review  and  assessment  by  NIH  scoring  system. 

b.  Physical  examination,  including  nasal  endoscopy. 

c.  CF  genotyping. 

d.  Blood  samples  for:  complete  blood  count  (including  platelets  and  differential  WBC), 
erythrocyte  sedimentation  rate,  electrolytes  (including  Na,  K,  Cl,  and  HCO3),  and  general 
chemistries  (including  total  protein,  albumin,  Ca,  PO4,  glucose,  uric  acid,  alkaline 
phosphatase,  total  bilirubin,  AST,  LDH,  BUN,  Cr,  and  amylase). 

e.  Adenovirus  antibody  titers. 

f.  Cultures.  Culture  of  sputum,  nasal  swab,  stool,  and  urine  for  wild-type  adenovirus. 
Bacterial  culture  of  sputum  and  nasal  swab. 

g.  Nasal  swab  and  nasal  brushing  for  cell  count  and  cell  morphology  and  PCR  for  El  DNA 
sequences. 
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h.  Measurement  of  transepithelial  electrical  potential  difference  across  the  nasal 
epithelium. 

i.  Pulmonary  function  tests  including  spirometry,  lung  volumes,  and  diffusing  capacity. 

j.  Arterial  blood  gases. 

k.  Chest  X-ray:  P-A  and  lateral. 

l.  Computerized  tomography  of  the  sinuses  (at  enrollment  into  the  study  and  at  the 
completion  of  the  study  only,  unless  indicated  by  a change  in  clinical  status). 

3.  Virus  Application. 

Patients  will  be  admitted  to  the  Clinical  Research  Center  at  the  University  of  Iowa  on  the 
day  of  virus  administration.  They  will  be  placed  in  isolation  in  a hospital  room  with 
complete  isolation  precautions  (see  Appendix  4). 

Endoscopic  examination  of  the  nasal  mucosa  will  be  used  to  identify  the  optimal  treatment 
area  and  to  define  well  recognized  landmarks.  We  will  use  the  area  along  the  inferior 
surface  of  the  inferior  turbinate.  The  area  will  be  prepared  by  gentle  rinsing  with  saline  and 
suction. 

To  minimize  sneezing,  discomfort,  and  movement  during  application  of  virus,  patients  will 
receive  2%  topical  lidocaine  to  the  nasal  mucosa  immediately  before  application.  As  mild 
sedation  and  to  prevent  movement  during  the  application,  they  will  also  receive  Midazolam 
1-2  mg.  IM.  shortly  before  application. 

The  recombinant  virus  will  be  applied  to  a defined  area  of  nasal  mucosa  using  an 
application  area  of  approximately  0.5  cm2  in  each  nares.  We  will  use  a plexiglass 
applicator  that  allows  us  to  apply  the  virus  to  a defined  area  and  then  wash  it  away;  in 
preliminary  experiments  we  have  tested  the  applicator  in  normal  humans  using  methylene 
blue  as  a tracer.  The  virus  will  remain  in  contact  with  the  nasal  epithelium  for  30  min. 

Then  the  mucosa  will  be  gently  washed  to  remove  unattached  virus. 

Different  doses  of  the  virus/gene  construct  will  be  used. 

PATIENT  TOTAL  DOSE* 


PFU 

Pg 

1 

2xl06  PFU 

0.25 

2 

2xl07  PFU 

2.5 

3 

5xl07  PFU 

6.25 

^Preparation  and  assay  of  production  lots  of  virus  is  described  under  B.l.b.(l)(b).  We  will 
apply  the  virus  in  a volume  of  50  to  200  p.1  to  an  area  of  approximately  1 cm2  of  nasal 
mucosa.  Assuming  that  1 cm2  of  nasal  mucosa  has  about  2xl06  cells,  a dose  of  2xl06  PFU 
corresponds  to  a dose  of  approximately  1 PFU/cell.  Based  on  our  experiments  with  human 
airway  epithelia,  we  expect  that  10  PFU/cell  will  provide  substantial  correction  of  the  CF 
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chloride  transport  defect.  For  comparison,  in  a recent  human  trial  using  an  E3  replacement 
adenovirus  vector,  1.6  x 107  PFU  were  administered  (93). 

4.  Evaluation  after  virus  application. 

After  application  of  the  virus,  we  estimate  that  the  patient  will  be  evaluated  for 
approximately  14-16  days  in  the  hospital.  During  the  hospitalization,  the  patient  will  be 
confined  to  the  hospital  room.  If  it  is  required  that  they  leave  the  room  for  specific 
procedures,  they  will  wear  a mask  to  cover  the  nose  and  mouth  during  such  times  out  of  the 
room.  Strict  respiratory,  enteric,  and  body  fluid  isolation  will  be  used.  The  patient  will  not 
be  discharged  from  the  hospital  until  two  consecutive  cultures  for  live  virus  from  nasal 
swabs  are  negative.  (Note  that  7-8  days  may  be  required  to  determine  that  a culture  is 
negative.)  Thus,  the  duration  of  hospitalization  could  potentially  be  longer  than  two  weeks. 

During  hospitalization,  the  patient's  standard  therapies  for  CF  will  continue.  To  maximize 
safety,  results  from  each  patient  will  be  evaluated  before  proceeding  to  the  next  patient. 

Specific  assessments  performed  on  each  patient  will  include  the  following  (the  timing  of 
specific  assessments  is  given  in  the  protocol,  Appendix  1): 

a.  History  and  physical  examination. 

Purpose:  To  obtain  evidence  of  patient  discomfort,  systemic  responses,  or  inflammation. 

Methods:  The  patient  will  be  questioned  about  local  or  systemic  manifestations  of 
inflammation.  Vital  signs  will  be  recorded.  The  area  of  application  of  the  recombinant 
virus  will  be  visually  examined  by  endoscopy  and  compared  to  nontreated  epithelium.  We 
will  look  for  evidence  of  exudate,  inflammation,  edema,  or  erythema. 

b.  Blood/serum  by  venipuncture. 

Purpose:  To  assess  the  systemic  response  to  virus  application  and  the  antibody  response  to 
recombinant  virus. 

Methods:  Venous  blood  will  be  collected  by  standard  venipuncture  technique.  Analysis 
will  include  the  blood  count  and  chemistry  evaluations  described  above  in  the  pretreatment 
evaluation.  Antibody  titers  to  the  recombinant  Ad2/CFTR-1  adenovirus  will  be  determined 
by  ELISA. 

c.  Viral  cultures  of  nasal  and  pharyngeal  swabs,  nasal  brushing,  blood  buffy  coat, 
urine,  and  stools. 

Purpose:  To  determine  the  presence  of  recombinant  virus. 

Methods:  All  samples  will  be  cultured  on  virus  permissive  293  cells.  We  expect  live  virus 
to  be  present  in  the  initial  swabs  but  then  to  disappear  with  time.  If  there  is  viral 
replication,  we  expect  that  after  an  initial  decline,  the  titer  of  live  virus  in  the  nasal  swab 
would  increase.  We  will  determine  whether  wild-type  or  recombinant  virus  is  produced  by 
restriction  enzyme  analysis. 
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d.  Brushing  and  swab  of  nasal  and  pharyngeal  mucosa  for  evaluation  of  an 
inflammatory  response. 

Purpose : To  determine  the  presence  of  an  inflammatory  response. 

Methods:  For  brushing,  the  nasal  mucosa  will  be  treated  with  5 drops  of  Afrin 
(oxymetazolone  hydrochloride  0.05%  solution,  Schering-Plough)  and  up  to  1 ml  of  2% 
Lidocaine  five  min  before  brushing.  A cytobrush  (used  for  PAP  smears)  will  be  used  to 
gently  brush  the  nasal  mucosa  for  approximately  3 sec  at  the  site  of  administration  of  the 
recombinant  virus.  The  brush  will  then  be  removed  and  the  cells  dissociated  from  the 
brush  into  2 ml  of  phosphate  buffered  saline.  The  cell  suspension  will  be  kept  on  ice  until 
further  use.  The  nasal  mucosa, from  each  nostril  and  the  pharyngeal  mucosa  will  be 
swabbed  with  a cotton-tipped  applicator. 

Evidence  of  an  inflammatory  response  will  be  assessed  by  cytological  examination  of 
cytospin  preparations  of  the  cells  using  Wright  stain.  The  cell  differential  count  will  be 
determined  for  each  specimen.  Cell  morphology  and  cytopathic  effects  will  be  evaluated 
using  the  PAP  stain. 

e.  Biopsy  of  nasal  epithelium. 

Purpose : The  nasal  epithelium  will  be  biopsied  for  evaluation  of  an  inflammatory  infiltrate 
into  and  beneath  the  epithelium  and  for  evaluation  of  cytopathic  effects. 

Methods : The  patient's  nose  will  be  anesthetized  using,  initially,  a solution  of  eight  parts 
1%  Pontocaine  and  2 parts  1/1,000  epinephrine  which  will  be  topically  applied  using 
neurosurgical  cottonoid  pledgets.  The  pledgets  will  be  placed  under  direct  vision  utilizing 
endoscopic  control.  After  ten  minutes  the  area  of  the  biopsy  will  be  submucosally 
infiltrated  with  0.5  ml  of  1%  xylocaine  with  1/100,000  epinephrine,  to  ensure  anesthesia 
and  aid  hemostasis.  Approximately  0.5  cm^  of  nasal  mucosa  will  be  resected  from  the  area 
of  virus  application  under  telescopic  control.  This  area  will  be  identified  by  its  relation  to 
certain  fixed  landmarks  in  the  nose,  e.g.  anterior  end  of  inferior  turbinate,  cartilaginous 
nasal  septum,  membranous  nasal  septum.  Immediately  after  the  biopsy  has  been  taken,  a 
further  cottonoid  soaked  in  oxymetazoline  hydrochloride  0.05%  solution,  will  be  placed  on 
the  biopsied  area  to  effect  hemostasis.  We  do  not  anticipate  having  to  use  nasal  packing. 
The  patient  will  be  treated  postoperatively  with  Tylenol  as  required  for  analgesia. 

The  biopsy  will  be  evaluated  for  the  integrity  of  the  epithelium  and  for  inflammatory 
changes  by  conventional  light  microscopy,  including  hematoxalin  and  eosin  stain.  Slides 
will  be  reviewed  by  an  independent  pathologist.  Electron  microscopy  will  also  be 
performed  on  the  section. 

f.  Nasal  brushing  and  biopsy  for  evaluation  of  vector  efficacy. 

Purpose:  To  evaluate  the  ability  of  Ad2/CFTR-1  to  produce  CFTR  mRNA  and  protein. 

Methods:  In  cells  from  the  nasal  brushings,  RT-PCR  will  be  used  to  assess  the  presence  of 
virally-produced  mRNA.  Evidence  for  mRNA  production  and  its  location  will  also  be 
obtained  by  in  situ  hybridization. 

Evidence  of  CFTR  protein  production  and  location  at  the  apical  membrane  will  be  assessed 
by  immunocytochemistry  using  monoclonal  antibodies  directed  against  CFTR:  Ml -4  and 
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Ml 3-1.  These  studies  will  be  performed  on  the  cytospin  preparations  from  nasal  brushing 
and  on  the  biopsy  specimen. 

g.  Transepithelial  electrical  potential  difference  across  the  nasal  epithelium. 

Purpose : To  assess  the  electrophysiological  consequences  of  treatment.  Patients  with  CF 
have  an  abnormally  increased  transepithelial  electrical  potential  difference  across  the  nasal 
epithelium  (103,104).  In  addition,  the  response  of  the  electrical  potential  difference  to 
several  agents  that  regulate  transport  is  abnormal.  The  abnormalities  in  patients  with  CF 
are  well  characterized  and  relatively  easy  to  measure.  Correction  of  the  abnormality  would 
indicate  that  administration  of  the  recombinant  virus  has  corrected  the  CF  electrolyte 
transport  defect  in  a localized  area  of  nasal  epithelium. 

Methods : Measurement  of  the  nasal  PD  is  safe,  easy,  and  not  invasive  (103,104).  The 
reference  bridge  consists  of  a polyethylene  PE  240  tubing  filled  with  3 M KC1  with  4% 
agar  placed  under  an  EKG  patch  (3-M)  on  the  forearm.  The  reference  bridge  is  connected 
through  a calomel  cell  to  a voltmeter  (602  electrometer,  Keithly  Instruments).  The 
exploring  bridge  is  a small  PE  50  tubing  perfused  with  saline  solution  (0.2  ml/min,  Harvard 
Compact  Infusion  Pump)  which  is  connected  to  a 3 M KC1  bridge  and  then  a calomel  cell. 
The  electrical  potential  difference  between  the  exploring  and  reference  electrodes  is 
measured  by  a voltmeter.  Output  of  the  voltmeter  is  connected  to  a strip  chart  recording 
(Servocorder  SR  6253  Datamark).  The  exploring  electrode  (the  PE50  tubing)  will  be  used 
to  gently  touch  the  site  of  virus  application  under  direct  vision.  After  a five  minute 
baseline,  the  infusion  solution  will  be  changed  to  one  consisting  of  Ringer's  solution 
containing  either  100  pM  terbutaline,  100  pM  amiloride,  100  pM  adenosine,  and/or  saline 
in  which  die  chloride  concentration  has  been  reduced  by  replacement  with  gluconate.  The 
entire  procedure  will  take  between  15-30  minutes.  Treated  and  non-treated  adjacent 
mucosa  will  be  analyzed  for  each  condition. 

h.  Mucosal  fluid  for  adenovirus  antibody. 

Purpose:  To  test  for  the  presence  on  the  mucosal  surface  of  IgA  or  IgG  antibody  to  the 
recombinant  adenoviruses  and  to  test  for  neutralizing  antibodies. 

Methods:  Before  administration  of  the  virus  and  at  one  month  after  we  will  obtain  a 
washing  of  the  nasal  surface  to  test  for  the  presence  of  specific  and  neutralizing  antibody. 

5.  Evaluation  after  discharge. 

After  discharge  from  the  Clinical  Research  Center,  patients  will  be  evaluated  at  weekly  or 
every  other  week  intervals  for  6 weeks.  We  will  continue  to  make  the  same  assessments  as 
described  above.  The  data  may  be  useful  in  assessing  the  persistence  of  expression  of 
CFTR. 

B.3.a.  Will  cells  (eg.  bone  marrow  cells)  be  removed  from  patients  and  treated  ex  vivo?  If 
so.  what  kinds  of  cells  will  be  removed  from  the  patients,  how  many,  how  often,  and  at 
what  intervals? 

No. 

B.3.b.  Will  patients  be  treated  to  eliminate  or  reduce  the  number  of  cells  containing 
malfunctioning  genes  (eg.  through  radiation  or  chemotherapy)? 

No. 
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B.3.c.  What  treated  cells  (or  vector/DNA  combination)  will  be  given  to  patients?  How  will 
the  treated  cells  be  administered?  What  volume  of  cells  will  be  used?  Will  there  be 
single  or  multiple  treatments?  If  so,  over  what  period  of  time? 

The  Ad2/CFTR-1  gene  construct  will  be  prepared  at  Genzyme,  as  described  above. 
Appropriate  aliquots  of  purified  production  lots  of  virus  will  be  diluted  to  50  - 200  fil  in 
Tris  buffered  saline.  There  will  be  a single,  30  min.  application  of  virus  to  each  nares.  The 
virus  will  be  applied  to  each  nares  using  a plexiglass  applicator  that  will  limit  the  area  of 
application  to  a defined  0.5  cm2  area  and  will  allow  the  majority  of  virus  to  be  removed 
and  the  area  to  be  rinsed  with  virus-free  solution  after  application. 

B.3.d.  How  will  it  be  determined  that  new  gene  sequences  have  been  inserted  into  the 
patient's  cells  and  if  these  sequences  are  being  expressed?  Are  these  cells  limited  to 
the  intended  target  cell  populations?  How  sensitive  are  these  analyses? 

As  described  above  in  response  to  point  B.3.,  we  will  assess  the  production  of  mRNA  by 
RT-PCR  and  in  situ  hybridization,  we  will  assess  the  production  of  protein  by 
immunocytochemistry,  and  we  will  assess  the  correction  of  the  CF  electrolyte  transport 
defect  by  measurement  of  the  transepithelial  electrical  potential  difference  across  the  nasal 
epithelium.  We  will  examine  the  treated  areas  and  those  immediately  adjacent. 

B.3.e.  What  studies  will  be  done  to  assess  the  presence  and  effects  of  the  contaminants? 

The  Ad2/CFTR-1  will  be  purified  and  tested  for  the  presence  of  biological  and  protein 
contaminants.  The  most  likely  contaminant  in  the  preparation  is  BSA  from  the  serum  used 
to  grow  the  virus.  If  detected  in  the  vector  preparation,  we  will  examine  patient  serum  for 
the  presence  of  antibodies  to  BSA  in  a Patient  Immune  Response  (PIR)  assay.  Genzyme 
routinely  develops  similar  assays  to  measure  antibody  responses  to  other  therapeutic 
proteins.  However  since  it  is  likely  that  patients  will  already  have  antibodies  to  BSA  this 
test  is  likely  to  be  of  limited  value. 

B.3.f.  What  are  the  clinical  endpoints  of  the  study?  Are  there  objective  and  quantitative 
measurements  to  assess  the  natural  history  of  the  disease?  Will  such  measurements 
be  used  in  following  patients?  How  will  patients  be  monitored  to  assess  specific  effects 
of  the  treatment  on  the  disease?  What  is  the  sensitivity  of  the  analyses?  How 
frequently  will  follow-up  studies  be  done?  How  long  will  patient  follow-up  continue? 

The  biochemical  endpoints  and  methods  for  assessment  are  described  above  in  response  to 
Point  B.3.  Because  virus  administration  is  limited  to  a small  area  of  epithelium  in  the  nose, 
we  expect  no  effect  on  the  clinical  disease.  Nevertheless,  we  will  assess  the  patient's 
clinical  status  as  described  in  Point  B.3. 

B.3.g.  What  are  the  major  beneficial  and  adverse  effects  of  treatment  that  you  anticipate? 
What  measures  will  be  taken  in  an  attempt  to  control  or  reverse  these  adverse  effects 
if  they  occur?  Compare  the  probability  and  magnitude  of  potential  adverse  effects  on 
patients  with  the  probability  and  magnitude  of  deleterious  consequences  from  the 
disease  if  recombinant  DNA  transfer  is  not  used. 

The  major  beneficial  effect  of  this  study  will  be  the  acquisition  of  knowledge  that  will 
allow  us  and  others  to  progress  in  the  treatment  of  this  disease.  While  it  is  unlikely  that  the 
present  protocol  will  be  of  benefit  to  the  participants,  future  protocols  or  treatments  that 
may  emerge  as  a result  of  this  work  could  be  of  significant  benefit  to  patients  with  CF. 
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Potential  risks  and  adverse  effects  of  the  protocol  include  the  following. 

a.  Risks  associated  with  inflammation,  cytopathic  effects,  and  immune  response. 

It  is  possible  that  inflammation  locally  at  the  site  of  application  of  the  virus  could  occur. 
Local  cytopathic  effects  on  the  respiratory  nasal  epithelium  are  also  possible.  Inflammation 
or  cytopathic  effects  include  local  pain,  bleeding  or  subsequent  scarring;  although  serious 
effects  appear  very  unlikely.  The  risk  is  minimized  by  the  use  of  small  doses  of  the  virus  in 
a very  limited  area  of  nasal  mucosa.  The  use  of  nasal  mucosa,  rather  than  bronchial 
mucosa,  is  a major  safety  feature  that  should  allow  us  to  assess  safety  without  endangering 
the  patient.  Our  animal  studies,  which  used  much  higher  doses  of  virus,  indicate  that  if 
inflammation  should  occur,  it  will  be  mild  and  transient.  Our  studies  with  human  airway 
epithelia  suggest  that  there  will  be  no  cytopathic  effects. 

It  is  possible  that  the  administration  of  Ad2/CFTR-1  could  produce  an  immune  response  to 
the  recombinant  virus  that  was  not  present  before  the  study.  While  it  is  unlikely  that  this 
would  affect  the  patient  during  the  study,  the  presence  of  immune  sensitization  could  affect 
the  response  to  subsequent  treatment  with  adenovirus  vectors.  However,  the  risk  to  the 
participants  of  this  study  will  be  minimized  because  they  will  already  be  seropositive. 

These  considerations  may  be  more  of  an  issue  in  seronegative  patients  or  with  repeated 
administration  of  the  virus. 

b.  Risks  associated  with  virus  replication. 

The  Ad2/CFTR-1  viral  construct  has  been  rendered  defective  for  replication  by  deletion  of 
two  important  early  genes  El  a and  Elb.  However,  it  is  possible  that  the  virus  will  have  a 
limited  ability  to  replicate  in  human  cells.  Furthermore,  under  certain  circumstances,  the 
viral  defect  could  be  complemented.  Such  circumstances  include  low  level  contamination 
of  the  Ad2/CFTR- 1 preparation  with  wild-type  virus,  coinfection  with  wild-type 
adenovirus,  or  provision  of  El  gene  function  by  latent  or  residual  adenovirus  resulting  from 
an  earlier  infection  (100),  or  by  infection  by  other  viruses  able  to  provide  such  function 
(127-129).  Finally,  epithelia  might  also  provide  normal  cellular  proteins  with  El-like 
functions  that  are  able  to  complement  the  defective  virus  (101,102). 

Most  of  these  possibilities  seem  remote.  The  Ad2/CFTR-1  virus  is  defective  not  only 
because  it  lacks  El,  but  also  because  it  is  so  large  as  to  be  difficult  to  package.  Thus,  even 
in  permissive  cells  that  provide  El  functions,  virus  replication  is  modest  relative  to  wild- 
type.  Second,  the  likelihood  of  coinfection  of  treated  cells  with  wild-type  virus  is 
minimized  by  prior  screening  of  the  patients,  by  treating  only  seropositive  patients,  by 
treating  only  a small  area  of  nasal  epithelia  and  by  isolation  of  the  patient  during  treatment. 
Third,  coinfection  with  another  virus,  although  possibly  providing  some  El  activities,  is 
unlikely  to  complement  all  El  gene  functions  (145).  Fourth,  in  the  unlikely  event  that 
coinfection  or  contamination  with  wild-type  adenovirus  did  occur,  the  wild-type  virus 
would  probably  compete  out  the  defective  virus  resulting,  eventually,  in  a wild-type 
infection  that  would  be  expected  to  become  self-limited.  Model  experiments,  B2a(4), 
confirm  that  wild-type  virus  rapidly  overgrows  Ad2/CFTR-1.  Because  there  is  data  to 
suggest  the  presence  of  El  sequences  from  previous  adenovirus  infections  in  some 
individuals  (100),  we  will  screen  patient's  nasal  cells  for  El  DNA  by  PCR  and  exclude 
those  patients  with  detectable  signal. 

There  is  also  a possibility  of  recombination  between  wild-type  virus  and  the  Ad2/CFTR-1 
virus.  Whether  this  occurred  by  legitimate  or  illegitimate  recombination,  for  any  progeny 
virus  to  be  viable  would  require  two  events  to  occur.  First,  insertion  of  the  missing  El 
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gene  and  second,  deletion  of  DNA  sequences  to  enable  the  resulting  recombinant  to 
become  small  enough  to  package  its  DNA.  The  most  likely  sequences  to  be  deleted, 
compatible  with  retention  of  viral  replication,  would  be  some  or  all  of  the  CFTR  DNA. 
Growth  of  such  a recombinant  would  probably  be  self-limiting  and  would  be  unlikely  to 
lead  to  synthesis  of  CFTR  fragments  with  any  significant  biological  activity. 

Our  animal  and  cultured  cell  studies,  some  using  doses  greatly  in  excess  of  the  human  dose, 
have  revealed  no  evidence  for  Ad2/CFTR-1  replication.  Moreover,  we  found  no  evidence 
for  Ad2/6Gal-l  replication  despite  its  smaller  size  and  more  ready  growth  in  293  cells. 

c.  Effects  of  wild-type  adenovirus  2 infection. 

Potential  effects  of  wild-type  Ad2  include  symptoms  of  upper  respiratory  infection. 
Pharyngitis  and  conjunctivitis  are  known  to  be  associated  with  adenovirus.  Strains  of 
adenovirus  other  than  Ad2  have  been  known  to  cause  pneumonia,  transient  diarrhea  and 
gastroenteritis.  Rare  problems  associated  with  adenoviral  strains  include  cystitis  and 
keratoconjunctivitis.  Such  problems  could  be  hazardous  in  immunocompromised  hosts. 
Risk  is  minimized  in  the  protocol  by  the  use  of  patients  who  have  only  mild  to  moderate 
disease  and  who  have  evidence  of  preexisting  immunity  to  adenovirus.  The  possible  role 
of  adenovirus  in  oncogenesis  is  discussed  in  Section  4.4;  there  is  no  evidence  to  suggest  a 
role  for  adenovirus  in  human  tumors. 

d.  Risks  associated  with  the  study  procedures. 

i.  Measurement  of  the  transepithelial  electrical  potential  difference  across  the  nasal 
epithelium  will  not  produce  significant  discomfort;  it  has  generally  been  well  tolerated  in 
the  past.  The  drugs  applied  topically  to  the  nasal  epithelium  during  the  course  of  the  study 
have  no  significant  local  or  systemic  effects. 

ii.  Nasal  and  pharyngeal  swabs  can  produce  mild  discomfort  when  they  are  taken,  but  there 
is  no  serious  or  long  term  risk.  They  are  standard  practices  in  clinical  outpatient  medicine. 

iii.  Brushing  the  nasal  mucosa  could  produce  discomfort  that  might  persist  for  several 
hours.  It  could  also  produce  some  minor  bleeding  (a  few  ml  at  most).  There  are  no  major 
or  long  term  risks. 

iv.  The  process  of  application  of  the  recombinant  virus  to  the  nasal  mucosa  should  have  no 
significant  risk.  There  could  be  minor  discomfort  or  a sense  of  nasal  obstruction.  There 
may  also  be  discomfort  from  having  to  remain  still  during  the  procedure.  These 
discomforts  should  be  minimized  by  local  anesthesia  with  topical  2%  lidocaine  to  the  nasal 
mucosa  and  by  administration  of  Midazolam  1-2  mg.  IM.  shortly  before  application.  The 
major  risks  of  lidocaine  and  Midazolam  would  be  hypersensitivity  which  is  very  rare.  The 
Midazolam  could  theoretically  produce  some  respiratory  depression;  however  the  dose  we 
will  use  should  have  no  significant  effects,  particularly  in  these  subjects  who  will  only  have 
mild  to  moderately  severe  disease. 

v.  Biopsy  of  the  nasal  epithelium  will  produce  mild  to  moderate  pain  and  discomfort.  Pain 
and  discomfort  during  the  procedure  will  be  minimized  by  use  of  local  anesthesia. 
Subsequent  use  of  analgesics  will  be  allowed  if  needed.  A small  risk  of  bleeding  or 
subsequent  scar  formation  after  the  biopsy  is  possible  as  is  expected  for  such  a routine 
procedure.  There  is  also  a risk  of  infection.  We  will  treat  pain  with  analgesics  and  observe 
the  area  for  bleeding  or  infection;  if  either  should  require  it,  we  will  administer  appropriate 
treatment. 
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vi.  Venipuncture  to  obtain  the  blood  samples  produces  minimal  risks  that  are  well-known. 

vii.  Arterial  puncture  for  measurement  of  blood  gases  includes  the  risk  of  bleeding  and 
bruise  formation  and  pain  at  the  time  of  the  procedure.  The  procedure  is  standard  and  done 
frequently  on  outpatients. 

viii.  Pulmonary  function  studies  are  routine  on  outpatients  with  a variety  of  lung  diseases. 
There  are  no  anticipated  short  or  long  term  risks. 

ix.  Chest  and  sinus  X-rays  carry  the  risk  of  radiation  exposure;  we  anticipate  that  a subject 
will  have  three  chest  X-rays  and  two  computerized  tomographic  X-rays  of  the  sinuses 
during  the  course  of  the  studies.  Although  there  are  no  known  adverse  effects  of  this 
amount  of  radiation,  the  long  term  effects  of  such  radiation  are  not  known  with  certainty. 

x.  Emotional  discomfort  related  to  respiratory  isolation  in  a hospital  room  for  two  weeks 
may  occur.  We  will  provide  reading  material,  VCRs,  an  exercise  bicycle,  etc.  to  the 
patient.  If  required  we  will  provide  psychological  support. 

B.3.h.  If  a treated  patient  dies,  what  special  post  mortem  studies  will  be  performed? 

It  is  not  anticipated  that  death  should  occur  during  participation  in  the  trial.  Should  it  occur 
for  any  unforeseen  reason,  we  will  request  an  autopsy.  This  is  discussed  in  the  Information 
Summary  for  Informed  Consent. 

B.4.  Public  Health  Considerations 

Describe  any  potential  benefits  and  hazards  of  the  proposed  therapy  to  persons  other 
than  the  patients  being  treated.  Specifically: 

B.4.a.  On  what  basis  are  potential  public  health  benefits  or  hazards  postulated? 

The  knowledge  obtained  from  this  study  could  lead  to  a significant  improvement  in  the  care 
of  patients  with  CF.  Thus,  because  CF  is  a common,  chronic,  debilitating  disease  which  is 
usually  lethal,  it  could  have  a significant  beneficial  public  health  impact. 

There  is  a risk  that  the  virus  could  be  passed  to  another  person.  This  could  occur  if  a 
caregiver  or  visitor  is  exposed  to  the  virus  we  apply  to  the  patient  or  exposed  to  virus  that 
had  replicated  in  the  patient.  Wild- type  adenovirus  2 causes  mild  disease.  Because 
Ad2/CFTR-1  is  replication  impaired  and  because  our  experimental  results  have 
demonstrated  no  virus  replication,  the  possibility  that  an  exposed  person  will  develop 
clinical  disease  is  very  remote. 

Were  environmental  release  to  occur,  the  most  likely  virus  involved  would  be  wild-type 
adenovirus  that  had  overgrown  the  Ad2/CFTR-1  or  a recombinant  with  no  biological 
activity  other  than  that  associated  with  wild-type  virus.  Recombinant  and  wild-type 
adenovirus  has  been  used  previously  in  human  populations  (93,146). 

B.4.b.  Is  there  a significant  possibility  that  the  added  DNA  will  spread  from  the  patient  to 
other  persons  or  to  the  environment? 

Both  theoretical  considerations  and  experimental  results  suggest  that  the  risk  of  spread  to 
other  persons  or  to  the  environment  is  very  low.  a)  Our  data  indicate  that  viral  replication 
in  the  patient  is  very  unlikely.  Thus,  given  the  low  amounts  of  virus  used,  it  is  unlikely  that 
the  virus  will  spread,  b)  As  indicated  below,  we  will  take  precautions  to  decrease  the  risk 
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of  spread  to  another  person,  c)  Our  data  suggest  that  the  sentinal  monkey  was  not  exposed 
to  the  adenovirus,  d)  Studies  using  live  wild-type  adenovirus  vaccines  show  little 
horizontal  transmission  between  roommates  (146). 

B.4.c.  What  precautions  will  he  taken  against  such  spread  (e.g.,  to  patients  sharing  a room, 
health-care  workers  or  family  members)? 

We  will  take  several  precautions  to  minimize  the  possibility  of  spread. 

The  amount  of  virus  that  will  be  applied  is  very  small;  thus  the  possibility  of  transfer  is 
minimized. 

Hospital  care  will  be  administered  by  trained  health-care  workers.  The  nurses  and  care 
givers  in  the  University  of  Iowa  Clinical  Research  Center  are  skilled  at  precisely  following 
experimental  protocols.  In  addition,  we  have  sought  the  advice  of  Dr.  Richard  Wenzel, 
M.D.,  Hospital  Epidemiology,  and  Ms.  Marlene  Schmid,  Senior  Nurse  Epidemiologist,  in 
minimizing  the  possibility  of  spread  of  the  virus.  We  will  follow  their  recommendations 
(Appendix  4).  Healthcare  workers  will  be  informed  of  the  nature  of  the  study  and  of  the 
potential  risk  to  immunocompromised  persons  they  may  also  care  for. 

To  minimize  the  risk  of  exposure  to  persons  other  than  the  participant,  the  patient  will  be 
kept  in  isolation  in  a hospital  room  in  the  Clinical  Research  Center.  Persons  coming  in 
contact  with  the  participant  will  practice  hand  washing  and  use  gowns,  gloves,  and  masks, 
which  will  be  removed  upon  leaving  the  room. 

In  addition  to  the  strict  control  placed  on  the  exposure  of  the  patient  to  his/her 
surroundings,  as  previously  discussed,  Ad2/CFTR-1  is  defective  and  because  of  its  large 
size,  difficult  to  package.  Thus,  its  ability  to  replicate  on  its  own  is  doubly  compromised. 

The  participant  will  not  be  discharged  from  the  isolation  room  until  there  are  two 
consecutive  nasal  swabs  that  are  negative  for  live  virus.  If  the  nasal  swabs  and  brushes 
should  remain  positive  for  recombinant  adenovirus  for  4 weeks  after  infection  and  if  the 
patient  is  showing  no  adverse  clinical  effects,  we  will  discharge  them  from  the  hospital  at 
that  point.  We  will,  however,  continue  to  evaluate  them  at  weekly  intervals.  We  believe 
that  to  continue  to  confine  the  patient  to  the  room  at  that  point  would  be  inhumane. 
Moreover,  if  no  adverse  effects  have  been  observed,  the  risk  to  the  general  public  and  the 
environment  should  be  minimal.  Most  importantly  in  this  regard,  our  safety  studies  in 
cultured  cells  and  in  animals  and  reports  from  the  literature  suggest  that  the  possibility  that 
the  patient  will  continue  to  shed  virus  or  pass  it  to  another  person  is  remote  (146). 


B.4.d.  What  measures  will  be  undertaken  to  mitigate  the  risks,  if  anv.  to  public  health? 

The  measures  are  described  above  in  section  B.4.c. 

B.4.e.  In  light  of  possible  risks  to  offspring,  including  vertical  transmission,  will  birth 
control  measures  be  recommended  to  the  patient?  Are  such  concerns  applicable  to 
health  care  personnel? 

As  described  in  the  inclusion  and  exclusion  criteria  for  patient  selection,  all  participants 
must  practice  contraception  for  at  least  one  month  before  and  after  the  protocol.  Greater 
than  97%  of  men  with  CF  are  sterile.  Women  participants  must  have  a negative  pregnancy 
test.  Given  the  exceedingly  low  theoretical  risk,  the  results  of  our  animal  experiments 
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testing  for  transfer  to  other  tissues  including  the  gonads  in  hamsters,  and  the  precautions  we 
take,  we  believe  the  risk  to  offspring  of  health  care  personnel  is  exceedingly  low. 

B.5.  Qualifications  of  investigators,  adequacy  of  laboratory  and  clinical  facilities. 

Indicate  the  relevant  training  and  experience  of  the  personnel  who  will  be  involved  in 
the  preclinical  studies  and  clinical  administration  of  recombinant  DNA.  In  addition, 
please  describe  the  laboratory  and  clinical  facilities  where  the  proposed  study  will  he 
performed. 


B.5.a.  What  professional  personnel  (medical  and  nonmedical)  will  he  involved  in  the 

proposed  study  and  what  is  their  relevant  expertise?  Please  provide  curricula  vitae  of 
key  professional  personnel  ( see  Section  III-E). 

Drs.  Michael  J.  Welsh  and  Alan  E.  Smith  and  their  collaborators  have  published 
extensively  on  CF  and  CFTR  (1,7,42,62,147,148).  Their  work  on  CFTR  showed  that 
expression  of  CFTR  complemented  the  CF  defect  (9,22),  elucidated  the  function  of  CFTR 
(24,33-35,45-47,149),  and  explained  how  mutations  in  CFTR  cause  a loss  of  function 
(32,48,57,58,60). 

Dr.  Alan  E.  Smith  is  Senior.  Vice  President  - Research  at  Genzyme  Corporation,  and  is 
widely  experienced  in  molecular  biology  and  animal  virology.  Dr.  Smith  has  published 
extensively  on  picomaviruses,  arboviruses,  retroviruses  and  papovaviruses  and  from  1977- 
1981  was  on  the  Editorial  Board  of  Journal  of  Virology.  Genzyme  manufactures  and  sells 
Ceredase,  a drug  used  to  treat  Gauchers  Disease.  Genzyme  has  also  developed  the 
recombinant  proteins,  thyroid  stimulating  hormone  and  glucocerebrosidase,  that  are 
presently  in  clinical  trials.  Genzyme  will  produce  and  test  the  Ad2/CFTR- 1 vector. 

Procedures  involving  the  patient  will  be  performed  by  Drs  Michael  J.  Welsh,  M.D.,  Joseph 
Zabner,  M.D.,  and  Scott  M.  Graham,  M.D.  Each  has  substantial  clinical  experience, 
including  the  care  of  patients  with  communicable,  respiratory  diseases.  In  addition.  Dr. 
Scott  M.  Graham,  currently  performs  the  majority  of  the  sinus  surgery  at  the  University  of 
Iowa  and  is  highly  skilled  in  the  diagnosis  and  treatment  of  disorders  that  affect  the  nasal 
mucosa.  For  the  last  three  years,  Dr.  Graham  has  been  course  director  for  an 
internationally  attended  course  in  Advanced  Techniques  in  Endoscopic  Sinus  Surgery.  The 
nurses  and  caregivers  in  the  Clinical  Research  Center  are  highly  skilled  at  accomplishing 
complex  experimental  protocols  and  have  experience  in  caring  for  patients  in  isolation. 
Copies  of  the  investigator's  curricula  vitae  are  located  in  Appendix  7. 

B.5.b.  At  what  hospital  or  clinic  will  the  treatment  be  given?  Which  facilities  of  the 

hospital  or  clinic  will  be  especially  important  for  the  proposed  study?  Will  patients 
occupy  regular  hospital  beds  or  clinical  research  center  beds?  Where  will  patients 
reside  during  the  follow-up  period?  What  special  arrangements  will  be  made  for  the 
comfort  and  consideration  of  the  patients?  Will  the  research  institution  designate  an 
ombudsman,  patient  care  representative,  or  other  individual  to  help  protect  the  rights 
and  welfare  of  the  patient? 

The  study  will  be  performed  at  the  University  of  Iowa  Medical  Center  in  the  Clinical 
Research  Center.  The  University  of  Iowa  Medical  Center  has  all  of  the  facilities  required 
for  the  care  of  the  patients;  it  is  the  largest  teaching  hospital  in  the  country.  Patients  will  be 
in  single  rooms  in  isolation.  After  there  is  no  further  evidence  of  live  virus  by  two 
consecutive  cultures,  the  patients  will  be  discharged  to  their  homes.  We  will  try  to  offer 
entertainment  (VCR,  reading  material,  games),  a stationary  bicycle,  and  psychological 
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assistance,  if  needed.  On  the  Certification  of  Subject  Consent,  we  identify  a person  that  the 
patient  may  contact  for  complaints  and  for  help  in  protecting  their  rights  and  welfare. 


C.  SELECTION  OF  PATIENTS, 

Estimate  the  number  of  patients  to  be  involved  in  the  proposed  study.  Describe 
recruitment  procedures  and  patients  eligibility  requirements,  paying  particular 
attention  to  whether  these  procedures  and  requirements  are  fair  and  equitable. 

C.l.  How  many  patients  do  vou  plan  to  involve  in  the  proposed  study? 

Three. 

C.2.  How  many  eligible  patients  do  vou  anticipate  being  able  to  identify  each  year? 

All  three  patients  will  be  identified  in  the  first  year. 

C.3.  What  recruitment  procedures  do  vou  plan  to  use? 

The  patients  will  be  referred  to  the  study  for  consideration  by  his/her  physician.  We 
anticipate,  but  do  not  require,  that  most  participants  will  be  patients  at  the  University  of 
Iowa  Hospitals  and  Clinics. 

C.4.  What  selection  criteria  do  vou  plan  to  employ?  What  are  the  exclusion  and  inclusion 
criteria  for  the  study? 

Inclusion  Criteria 

a.  Patients  with  CF  with  mild  to  moderate  severity  of  disease.  Patients  should  score  above 
70  using  the  CF  NIH  scoring  system  (150). 

b.  Male  or  female  patients,  age  greater  than  18  years. 

c.  CF  genotype:  AF508  homozygous  is  preferred.  If  patients  homozygous  for  AF508  are 
not  available,  we  will  use  patients  who  are  AF508  compound  heterozygotes.  In  the  case  of 
AF508  compound  heterozygotes,  the  mutation  on  the  other  chromosome  must  be  known  to 
cause  CF  and  must  not  be  associated  with  a milder  clinical  phenotype. 

d.  Seropositive  for  antibody  to  adenovirus.  Seropositivity  is  very  common  (greater  than 
70%)  in  the  general  population  (76).  Seropositivity  is  required  to  insure  a rapid  and 
adequate  immunologic  response  to  the  virus  and  to  minimize  any  potential  for 
dissemination  of  the  virus. 

Exclusion  Criteria 

a.  Current  instability  of  respiratory  status. 

b.  Hypoxemia  with  PaC>2  less  than  66  mm  Hg. 

c.  FEVi  less  than  50  % of  predicted. 
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d.  Weight  for  height  (%)  less  than  90%  of  predicted. 

e.  Pregnancy:  all  subjects  must  practice  contraception  for  at  least  one  month  and  will  have 
a negative  test  for  pregnancy. 

f.  Patient  has  school  age  children. 

g.  Chronic  severe  nasal/sinus  disease,  either  infectious  or  allergic  in  nature.  Persistent 
purulent  nasal  discharge,  obstructing  nasal  polyps,  significantly  inflamed  nasal  mucosa,  or 
symptomatic  sinusitis  requiring  repeated  antibiotic  therapy  will  exclude  patients  from  the 
study. 

h.  Upper  respiratory  infection  of  patient  or  household  member  within  two  weeks  prior  to 
entry. 

i.  Corticosteroid  therapy  within  the  last  4 months. 

j.  Current  use  of  inhaled  DNase  therapy. 

k.  Chronic  adenoviral  shedding  within  six  weeks  of  study  as  detected  in  blood,  urine,  and 
nasal  swabs. 

l.  Patients  may  be  excluded  after  the  initial  evaluation  if  PCR  of  the  cells  brushed  from  the 
nasal  epithelium  shows  evidence  of  adenovirus  2 or  5 El  genes  (detected  by  PCR  as 
described  in  Point  B.l.b(l)(b)  8). 

m.  Subjects  may  not  participate  in  other  research  protocols  during  the  proposed  study. 

n.  Inability  to  comprehend  nature  of  the  study  or  to  give  informed  consent. 

C.5.  How  will  patients  be  selected  if  it  is  not  possible  to  include  all  who  desire  to 
participate? 

Those  first  three  patients  judged  most  able  to  participate  in  the  investigation  will  be  chosen. 


D.  INFORMED  CONSENT 

Indicate  how  patients  will  be  informed  about  the  proposed  study  and  how  their 
consent  will  be  solicited.  The  consent  procedure  should  adhere  to  the  requirements  of 
DHHS  regulations  for  the  protection  of  human  subjects  (45  Code  of  Federal 
Regulations.  Part  46).  If  the  study  involves  pediatric  or  mentally  handicapped 
patients,  describe  procedures  for  seeking  the  permission  of  parents  or  guardians  and, 
where  applicable,  the  assent  of  each  patient.  Areas  of  special  concern  highlighted 
below  include  potential  adverse  effects,  financial  costs,  privacy,  long-term  follow-up 
and  post  mortem  examination. 

D.l.  How  will  the  major  points  covered  in  Sections  I-A  through  I-C  of  this  document  be 
disclosed  to  potential  participants  in  this  study  and/or  parents  or  guardians  in 
language  that  is  understandable  to  them? 

In  accordance  with  21  CFR  Part  46,  informed  consent  to  participate  in  this  clinical  study 
will  be  obtained  from  the  patient  by  the  investigator  prior  to  initiating  treatment.  The 
patient  will  receive  a copy  of  the  Information  Summary  to  read  and  discuss  with  the 
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investigator.  This  consent  form  was  prepared  in  language  that  is  easy  to  read  and 
understand.  The  patient  has  the  right  to  ask  questions  at  any  time.  The  study  does  not 
involve  minors  or  handicapped  individuals.  The  consent  form  is  attached. 

D.2.  How  will  the  innovative  character  and  the  theoretically  possible  adverse  effects  of  the 
experiment  be  discussed  with  patients  and/or  parents  or  guardians?  How  will  the 
potential  adverse  effects  be  compared  with  the  consequences  of  the  disease? 

See  the  Consent  Form  (Appendix  2). 

D.3.  What  explanation  of  the  financial  costs  of  the  experiment,  follow-up  care,  and  any 
available  alternatives  will  be  provided  to  patients  and/or  parents  or  guardians? 

The  attached  Consent  Form  contains  this  information.  Patients  will  not  be  responsible  for 
the  costs  of  this  study.  Patients  will  be  compensated  for  the  time  and  inconvenience 
involved  in  participating  in  the  research  in  the  amount  of  $75  for  each  day  that  they  spend 
in  the  hospital.  In  addition,  the  patient  will  be  reimbursed  for  travel  expenses  to  and  from 
the  hospital  for  each  day  the  patient  comes  to  the  clinic  for  an  outpatient  visit.  The  rate  of 
reimbursement  will  be  $0.25  per  mile  and  will  include  parking  expenses. 

D.4.  How  will  patients  and/or  their  parents  or  guardians  be  informed  that  the  innovative 
character  of  the  experiment  may  lead  to  great  interest  bv  the  media  in  the  research 
and  in  treated  patients? 

The  investigator  will  discuss  this  with  the  patients. 

D.5.  How  will  patients  and/or  their  parents  or  guardians  be  informed: 

D.5.a.  About  the  irreversible  consequences  of  some  of  the  procedures  performed? 

See  attached  Consent  Form  (Appendix  2). 

D.5.b.  About  any  adverse  medical  consequences  that  mav  occur  if  a subject  withdraws 
from  the  study  once  it  has  begun? 

See  attached  Consent  Form  (Appendix  2). 

D.5.c.  About  a willingness  to  cooperate  in  long-term  follow-up  will  be  expected? 

D.5.d.  About  expectations  that  permission  to  perform  an  autopsy  will  be  granted  in  the 
event  of  a patient's  death  following  transfer  as  a precondition  for  a patient's 
participation  in  the  study?  This  stipulation  is  included  because  an  accurate 
determination  of  the  precise  cause  of  a patient's  death  would  be  of  vital  importance  to 
all  future  patients. 

This  expectation  is  contained  in  the  Information  Summary  For  Informed  Consent 
(Appendix  2). 
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E.  PRIVACY  AND  CONFIDENTIALITY 

Indicate  what  measures  will  be  taken  to  protect  the  privacy  of  patients  and  their 
families  as  well  as  to  maintain  the  confidentiality  of  research  data. 

E.l.  What  provisions  will  be  made  to  honor  the  wishes  of  individual  patients  (and  the 
parents  or  guardians  of  pediatric  or  mentally  handicapped  patients)  as  to  whether, 
when,  or  how  the  identity  of  patients  is  publicly  disclosed? 

The  U.S.  Food  and  Drug  Administration  (FDA)  and  Genzyme  Corporation  may  inspect  and 
copy  medical  records  relating  to  this  study,  and  the  results  of  the  study  will  be  reported  to 
the  FDA  and  perhaps  to  other  regulatory  agencies.  This  information  will  be  treated 
confidentially  and,  in  the  event  of  any  publication  regarding  this  study,  patient  identity  will 
not  be  disclosed. 

E.2.  What  provision  will  be  made  to  maintain  the  confidentiality  of  research  data,  at  least 
in  cases  where  data  could  be  linked  to  individual  patients? 

A record  of  patient  participation  in  this  research  will  be  maintained.  This  record  will  be 
kept  confidential.  The  patient  will  be  assigned  a study  number  and  the  information  will  be 
kept  under  this  study  number  rather  than  the  patient  name. 


H.  SPECIAL  ISSUES 

Although  the  following  issues  are  beyond  the  normal  purview  of  local  IRBs.  the  RAC 
and  its  Subcommittee  request  that  investigators  respond  to  questions  A and  B below. 

A.  What  steps  will  be  taken,  consistent  with  point  I-E  above,  to  ensure  that  accurate  and 
appropriate  information  is  made  available  to  the  public  with  respect  to  such  public 
concerns  as  may  arise  from  the  proposed  study? 

We  will  coordinate  a response  to  inquires  from  the  press  with  the  University  of  Iowa  Health 
Sciences  Affairs  Office,  the  Howard  Hughes  Medical  Institute,  and  Genzyme  Corporation. 

B.  Do  vou  or  vour  funding  sources  intend  to  protect  under  patent  or  trade  secret  laws 
either  the  products  or  the  procedures  developed  in  the  proposed  study?  If  so.  what 
steps  will  be  taken  to  permit  as  full  communication  as  possible  among  investigators 
and  clinicians  concerning  research  methods  and  results? 

Genzyme  Corporation  will  protect  the  product  and  procedure  developed  in  the  study.  We 
plan  to  publish  all  findings  from  the  study. 


HI.  REQUESTED  DOCUMENTATION 

In  addition  to  responses  to  the  questions  raised  in  these  Points  to  Consider,  please 
submit  the  following  materials: 

A.  Your  protocol  as  approved  bv  vour  local  IRB  and  IBC. 

Protocol:  Appendix  1.  Informed  Consent:  appendix  2 
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B.  Results  of  local  IRB  and  IBC  deliberations  and  recommendations  that  pertain  to  vour 

protocol. 

Appendix  3 

C.  A one-paee  scientific  abstract  of  the  protocol. 

Appendix  4 

D.  A one-page  description  of  the  proposed  experiment  in  nontechnical  language. 

Appendix  5 

E.  Curricula  vitae  for  key  professional  personnel. 

Appendix  6 

F.  An  indication  of  other  federal  agencies  to  which  the  protocol  is  being  submitted  for 

review. 

The  protocol  will  be  submitted  to  the  Food  and  Drug  Administration. 

G.  Any  other  material  which  vou  believe  will  aid  in  the  review. 

IV.  REPORTING  REQUIREMENTS 

A.  Serious  adverse  effects  of  treatment  should  be  reported  immediately  to  both  the  local 

IRB  and  the  NIH  Office  for  Protection  from  Research  Risks  and  a written  report 
should  be  filed  with  both  groups.  A copy  of  the  report  should  also  be  forwarded  to  the 
NIH  Office  of  Recombinant  DNA  Activities  (ORDA). 

We  will  conform  to  these  requirements. 

B.  Reports  regarding  the  general  progress  of  patients  should  be  filed  with  both  your  local 

IRB  and  ORDA  within  six  months  of  the  commencement  of  the  experiment  and  at  six- 
month  intervals  thereafter.  These  twice-vearlv  reports  should  continue  for  a 
sufficient  period  of  time  to  allow  observation  of  all  major  effects.  In  the  event  of  a 
patient's  death,  a summary  of  the  special  post  mortem  studies  and  statement  of  the 
cause  of  death  should  be  submitted  to  the  IRB  and  ORDA.  if  available. 

We  will  conform  to  these  requirements. 
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APPENDIX  1 

Protocol  as  Approved  by  Local  IRB  and  DBC 


Submitted  to  IRB  on  August  18, 1992 
Submitted  to  IBC  on  September  8, 1992 
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CERTIFICATION  OF  SUBJECT  CONSENT 


PROJECT  TITLE:  Cystic  Fibrosis  Gene  Therapy: 

In  Vivo  Safety  and  Efficacy  in  Nasal  Epithelium 

INVESTIGATORS:  Michael  J.  Welsh,  M.D. 

Joseph  Zabner,  M.D. 

Devra  P.  Rich,  Ph.D. 

Scott  M.  Graham,  M.D. 


I, hereby  certify  that  I have  been 

(subject's  name) 

told  by  Dr.  Michael  Welsh  of  University  of  Iowa  Medical  Center  about  research  on  gene  therapy 
for  cystic  fibrosis  and  its  purposes.  I have  been  told  about  the  procedures  to  be  followed,  which 
of  them  are  experimental,  and  how  much  time  is  involved.  I understand  the  possible  risks  and 
discomforts  I may  experience  and  the  possible  benefits  to  me  and  to  others  from  the  research.  I 
have  also  been  told  the  extent  to  which  any  records  which  may  identify  me  will  be  kept 
confidential. 

A written  summary  of  what  I have  been  told  is  attached.  I have  been  given  adequate 
opportunity  to  read  it. 

I understand  that  I have  the  right  to  ask  questions  at  any  time  and  that  I should  contact  Dr. 
Michael  Welsh  (319)  335  7619  or  Dr.  Joseph  Zabner  (319)  335  7574  for  answers  about  the 
research  and  my  rights. 

I understand  that  in  the  event  of  physical  injury  resulting  directly  from  the  research 
procedures  no  compensation  will  be  available  in  the  absence  of  negligence  by  a state  employee. 
However,  medical  treatment  is  available  at  the  University  Hospitals  and  Clinics,  but  I will  be 
responsible  for  making  arrangements  for  payment  of  the  expenses  of  such  treatments.  Further 
information  may  be  obtained  from  Jerry  M.  Burrows,  Office  of  the  Vice  President  for  Research, 
(319)  335-2139. 

I understand  that  my  participation  is  voluntary,  that  I may  refuse  to  participate  or 
withdraw  my  consent  for  experimental  studies  at  any  time  without  penalty  or  loss  of  benefits  to 
which  I may  be  entitled. 

I hereby  freely  consent  to  take  part  in  this  research  project. 


Signature  of  Subject  Date 

I,  the  undersigned,  certify  that  I was  present  during  the  oral  presentation  of  the  written 
summary  attached,  when  it  was  given  to  the  above  subject 


Signature  of  Auditor-witness 


Date 
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INFORMATION  SUMMARY  FOR 
INFORMED  CONSENT 


TITLE:  CYSTIC  FIBROSIS  GENE  THERAPY: 

IN  VIVO  SAFETY  AND  EFFICACY  IN  NASAL  EPITHELIUM 


INVESTIGATORS:  Michael  J.  Welsh,  M.D. 

Joseph  Zabner,  M.D. 
Devra  P.  Rich,  Ph.D. 
Scott  M.  Graham,  M.D. 


1.  INTRODUCTION  AND  PROCEDURES: 

During  the  course  of  treatment  of  your  disease,  you  have  learned  that  cystic  fibrosis  is  a 
serious  genetic  disease  that  causes  the  airways  of  the  lung  to  fill  with  thick  mucus.  This 
situation  leads  to  frequent  infections  which  in  turn  cause  destructive  changes  in  the  lung 
and  increasing  problems  with  breathing.  The  basic  problem  is  a defect  in  a gene  that  is 
responsible  for  producing  a protein  called  the  cystic  fibrosis  transmembrane  conductance 
regulator  or  CFTR.  This  protein  regulates  salt  balance  in  the  airways  of  the  lungs;  when 
the  protein  is  not  normal,  excessive  thick  mucus  is  produced.  Antibiotics  have  been 
helpful  and  are  used  to  treat  the  infections  that  result  from  this  problem.  Various  ways  to 
clear  the  mucus,  such  as  chest  physical  therapy,  are  also  useful  to  treat  cystic  fibrosis. 
However,  none  of  these  treatments  correct  the  basic  problem.  Thus,  despite  all  efforts,  the 
problem  in  the  lungs  usually  worsens  with  time. 

la.  This  study  involves  research  in  gene  therapy  for  cvstic  fibrosis.  The  ultimate  purpose  of 
the  research  is  to  find  a better  treatment  for  cystic  fibrosis.  In  this  study  we  will  examine 
the  possibility,  and  safety,  of  correcting  the  basic  genetic  defect  by  applying  an  altered 
virus  unto  the  cells  of  the  airway  in  cystic  fibrosis  patients. 

lb.  You  are  being  invited  to  participate  in  this  research  because  you  have  cystic  fibrosis  and 
because  your  disease  is  of  mild  to  moderate  severity.  After  enrolling  into  the  study  you 
will  be  monitored  for  a period  of  at  least  six  weeks  before  the  treatment,  approximately 
two  to  three  weeks  in  the  hospital  immediately  after  the  treatment,  and  eight  weeks  after 
discharge  from  the  hospital. 

lc.  If  vou  agree  to  participate,  these  procedures  will  be  followed. 

An  extensive  evaluation  will  be  performed  that  includes  a complete  physical  exam,  X- 
rays  of  your  chest,  computed  tomography  X-rays  of  your  sinuses,  and  pulmonary 
function  tests.  Blood  will  be  drawn  from  your  vein  and  artery  (total  of  about  1 cup)  for 
multiple  studies.  We  will  also  determine  whether  you  have  immunity  to  adenovirus,  so 
that  we  know  that  you  already  have  protection  against  the  virus.  By  collecting  specimens 
of  nasal  secretions,  stool,  and  urine,  we  will  also  determine  that  you  do  not  already  have 
the  natural  type  of  adenovirus  in  your  body.  The  specific  genes  for  cystic  fibrosis  which 
you  carry  in  your  chromosomes  will  be  determined  from  a blood  sample.  We  will  also 
measure  the  voltage  that  normally  exists  across  the  cells  that  line  your  nose.  The  lining 
of  a small  part  of  your  nose  will  be  brushed  with  a tiny  brush  to  collect  some  of  your 
cells.  You  will  be  evaluated  with  these  tests  when  you  enter  the  study.  You  will  then  be 
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clinically  evaluated  at  three  to  four  week  intervals  until  you  are  given  the  altered  virus. 
The  wait  from  the  time  of  enrollment  into  the  study  and  administration  of  the  altered 
virus  will  be  at  least  six  weeks,  but  could  be  significantly  longer.  Most  of  the  tests  will 
be  repeated  just  before  you  are  given  the  altered  virus,  and  some  will  be  repeated  during 
the  visits  between  enrollment  into  the  study  and  administration  of  the  virus. 

The  virus,  known  as  adenovirus  2,  is  a common  virus  that  is  found  in  human  airways  and 
can  cause  a "cold".  The  virus  that  you  will  receive  has  been  altered  so  that  it  cannot 
reproduce  normally.  These  changes  limit  its  ability  to  cause  disease,  to  grow,  and  to 
spread.  The  normal  gene  for  the  cystic  fibrosis  protein,  CFTR,  has  been  inserted  into  the 
virus.  In  the  laboratory,  it  has  been  shown  that  this  altered  virus  can  enter  the  cells  that 
form  the  lining  of  the  human  nose  and  deposit  the  normal  gene,  so  that  normal  CFTR  is 
produced  by  the  cells.  Studies  with  laboratory  animals  suggest  that  the  altered  virus  does 
not  cause  disease  or  illness.  They  also  indicate  that  the  virus  can  carry  a new  gene  into 
the  cells  of  the  airway. 

The  day  the  virus  is  applied,  you  will  be  admitted  to  the  hospital.  The  virus  you  will 
receive  has  been  prepared  at  Genzyme  Corporation  in  Framingham,  Massachusetts.  To 
put  the  virus  into  the  lining  of  a small  part  of  the  nose,  we  will  initially  numb  the  interior 
of  your  nose  with  a few  drops  of  Lidocaine  (a  common  numbing  medicine)  and  give  you 
a mild  tranquilizer  that  will  reduce  anxiety  and  help  you  sit  still  for  60  minutes.  By 
placing  a small  plastic  ring  in  the  inside  of  your  nose,  we  will  instill  a small  amount  of 
liquid  that  contains  the  altered  virus  with  the  CFTR  gene  Each  area  will  be  about  half 
the  size  of  a dime.  Afterwards  the  excess  virus  will  be  removed  by  suction  and  washing. 
This  procedure  will  be  performed  in  both  nostrils.  Different  amounts  of  the  virus  will  be 
used  in  different  patients  to  determine  how  much  of  the  virus  is  needed  to  adequately 
produce  the  CFTR  protein  and  to  determine  safety  of  the  application.  This  procedure  is 
experimental. 

To  determine  whether  the  virus  carrying  CFTR  can  correct  the  cystic  fibrosis 
abnormalities,  and  to  determine  its  safety,  we  will  perform  several  studies  on  days  1,  2,  3, 
5,  7,  9, 11, 13  and  15  and  at  one  to  two  week  intervals  for  eight  weeks  after  discharge 
from  the  hospital.  We  will  take  swabs  from  both  nostrils  and  your  throat  and  brushmgs 
from  the  inside  of  your  nose.  The  nasal  and  pharyngeal  swabs  are  performed  by  gently 
rubbing  a cotton-tipped  applicator  in  the  inside  of  your  nose  and  in  your  throat.  These 
procedures  are  commonly  performed  to  diagnose  "strep  throat"  and  are  not  harmful  or 
painful.  The  nasal  brush  will  be  performed  after  numbing  the  inside  of  the  nose  with  a 
numbing  medicine  (Lidocaine).  We  will  rub  a small  brush  over  the  inside  of  your  nose 
for  about  10  seconds,  so  as  to  scrape  off  some  cells  from  the  lining  of  the  nose  that  was 
exposed  to  the  virus.  We  will  study  these  cells  in  the  laboratory.  This  procedure  is 
experimental  and  may  be  slightly  painful.  The  discomfort  could  last  for  several  hours  but 
should  be  minor.  You  will  be  able  to  request  over-the-counter  pain  killers  as  needed. 

Because  this  is  an  experimental  virus,  there  is  a possibility  that  inflammation  of  the  lining 
of  the  nose  may  occur.  It  is  possible  that  redness  and  pain  could  occur  or  that  you  could 
develop  symptoms  similar  to  those  experienced  when  you  have  a "cold."  To  determine  if 
any  harm  was  done  to  the  area  of  nose  where  the  virus  was  given,  we  will  perform  a nasal 
biopsy.  Prior  to  the  biopsy,  an  anesthetic  to  numb  the  feeling  in  the  area  will  be  used.  A 
small  area  (about  half  the  size  of  a dime)  will  be  excised  by  an  Ear,  Nose  and  Throat 
doctor. 

To  learn  whether  the  experimental  virus  can  correct  cystic  fibrosis  abnormalities,  we  will 
measure  the  voltage  across  the  lining  of  the  nose.  This  involves  the  application  of  a self- 
adhesive  patch  to  your  skin,  and  touching  the  inner  surface  of  the  nose  with  a small 
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rubber  catheter.  The  rubber  catheter  and  the  skin  patch  will  be  connected  to  a voltmeter. 
A voltmeter  is  a recording  device  and  does  not  deliver  any  electricity  to  your  nose.  Three 
different  drugs  at  very  low  doses  will  be  perfused  onto  the  lining  of  the  nose  for 
approximately  30  minutes.  These  drugs  are  terbutaline  (which  is  used  to  treat  asthma), 
adenosine  (which  is  used  to  treat  abnormal  heart  rhythms),  and  amiloride  (which  is  used 
to  treat  heart  and  kidney  problems).  These  drugs  are  approved  for  human  use,  and  at  the 
low  concentration  used,  do  not  have  major  side-effects. 

After  the  application  of  the  virus  you  will  be  required  to  be  in  respiratory  isolation  for  a 
period  of  approximately  two  to  three  weeks.  We  wish  to  keep  you  in  isolation  so  that  no 
one  else  will  be  exposed  to  the  virus.  This  means  that  you  will  be  confined  to  a hospital 
room  and  all  visitors  will  be  required  to  wear  protective  masks,  gloves,  and  gowns.  The 
period  of  time  you  will  be  kept  in  isolation  depends  on  how  long  we  can  detect  the  live 
virus  in  your  nasal  secretions.  We  estimate  that  after  7 to  10  days  there  should  not  be  any 
live  virus  in  the  secretions.  The  procedure  to  identify  the  live  virus  takes  7 to  8 days. 

This  means  that  you  will  be  required  to  stay  in  respiratory  isolation  for  2 to  3 weeks. 

About  2 tablespoons  of  blood  will  be  drawn  on  days  1,  2,  3, 7,  1 1,  and  15.  Additional 
blood  samples  will  be  required  on  your  follow  up  appointments  which  will  occur  at  one 
to  two  week  intervals  for  eight  weeks  after  discharge.  A chest  X-ray,  computerized 
tomographic  X-rays  of  your  sinuses,  and  repeat  pulmonary  function  tests  will  be 
performed  before  you  leave  the  hospital. 

2.  FORESEEABLE  RISKS  AND  DISCOMFORTS: 

Risks  associated  with  gene  therapy  using  the  altered  virus  are  largely  unknown.  It  is 
possible  that  the  virus  could  cause  an  inflammation  locally  at  the  site  of  application  in  the 
nose  or  it  could  damage  the  tissue  in  the  nose.  These  problems  might  produce  local  pain 
or  bleeding  in  the  nose.  There  is  also  the  very  unlikely  possibility  of  scarring  in  the  nose. 
The  risks  of  these  problems  will  be  minimized  by  using  small  doses  in  patients  in  a very 
small  area  of  the  nose.  It  is  possible  that  the  virus  might  reproduce  under  certain 
circumstances;  this  unlikely  possibility  might  lead  to  spread  of  the  virus  and  symptoms  of 
a "cold".  This  may  include  nasal  congestion,  runny  nose,  sneezing,  cough  or  fever. 

Other  symptoms  caused  by  adenoviruses  include  sore  throat  and  red,  sore  eyes. 

Adenovirus  that  occurs  naturally  has  been  known  to  cause  diarrhea  and  pneumonia, 
though  these  usually  are  caused  by  different  types  of  adenovirus  than  that  which  was 
prepared  for  this  study.  If  a lung  infection  did  somehow  occur,  then  it  might  cause  a 
worsening  of  your  symptoms  of  cystic  fibrosis.  Rare  problems  caused  by  adenovirus 
include  an  inflammation  of  the  bladder.  An  extremely  unlikely  possibility  is  the 
formation  of  a new  type  of  virus  through  interaction  with  other  viruses.  It  is  possible  that 
participation  in  the  study  could  cause  your  immune  system  to  form  a response  against  the 
altered  virus.  This  could  affect  your  response  to  subsequent  treatments  with  the  altered 
virus.  It  is  also  possible  that  you  may  develop  an  allergic  reaction  to  the  virus.  The  virus 
you  will  be  exposed  to,  will  not  introduce  the  new  gene  into  your  chromosomes.  This 
makes  it  exceedingly  unlikely  that  the  altered  virus  could  cause  cancer. 

The  method  for  application  of  the  virus  may  be  uncomfortable,  you  will  be  require  to  sit 
still  for  about  60  minutes  without  moving  your  head.  Placement  of  the  plastic  applicator 
in  your  nose  could  induce  itching  and  sneezing.  It  is  unlikely  that  the  actual  placement  of 
the  virus  on  the  lining  of  the  nose  will  cause  significant  discomfort 

The  biopsy  of  the  nasal  mucosa  may  be  painful  and  a small  amount  of  bleeding  will  be 
expected  (about  2 tablespoons).  After  the  biopsy,  the  healing  process  takes  about  2 
weeks  and  some  pain,  itching,  nasal  discharge,  and  minor  bleeding  are  expected.  Pain 
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killers  will  be  available  as  needed.  There  is  a small  risk  of  infection  at  the  site  of  the 
biopsy. 

The  procedure  involved  in  measuring  the  voltage  on  the  inner  surface  of  the  nose  does 
not  cause  pain  and  is  unlikely  to  produce  discomfort  other  than  some  itching.  Three  drugs 
will  be  applied  to  the  lining  of  the  nose;  each  is  approved  by  the  Food  and  Drug 
Administration  for  human  use.  The  three  drugs  used  are:  terbutaline,  which  can 
temporarily  increase  the  heart  rate;  adenosine,  which  may  induce  difficulty  breathing  if 
inhaled  by  asthmatics;  and  amiloride,  which  is  a "fluid  pill"  medication  when  taken  by 
mouth.  At  the  very  low  doses  that  will  be  applied  to  the  lining  of  the  nose,  these 
medications  should  not  cause  problems. 

The  drawing  of  blood  from  a vein  or  from  an  artery  for  blood  tests  could  cause  a bruise  at 
the  site,  minor  bleeding,  and  momentary  pain. 

We  anticipate  that  a subject  will  have  three  chest  X-rays  and  two  computerized 
tomographic  X-rays  of  the  sinuses  during  the  course  of  the  studies.  Although  there  are  no 
known  adverse  effects  of  this  amount  of  radiation,  the  long  term  effects  of  such  radiation 
are  not  known  with  certainty.  The  risk  associated  with  the  radiation  that  you  will  receive 
from  this  study  is  less  than  that  from  the  average  background  radiation  exposure  received 
by  each  member  of  the  general  public  in  one  year. 

Isolation  in  a room  for  2 to  3 weeks  could  have  a psychological  impact.  We  will  try  to 
offer  entertainment  (VCR,  reading  material,  games),  a stationary  bicycle  and 
psychological  assistance,  if  needed. 

The  altered  adenovirus,  could  be  dangerous  to  an  embryo  or  fetus  if  you  are  pregnant;  the 
risks  are  currently  unknown.  You  will  not  be  allowed  to  participate  if  you  are  pregnant. 

If  you  are  a woman,  we  will  do  a pregnancy  test.  You  will  be  asked  to  adopt  some  form 
of  contraceptive  precautions  during  this  experiment. 

During  the  time  that  you  are  participating  in  this  study  you  will  remain  susceptible  to  the 
problems  that  are  normally  associated  with  cystic  fibrosis,  such  as  infections  of  the  lungs. 
If  during  the  course  of  this  study,  you  should  develop  a complication  of  your  cystic 
fibrosis,  we  would  initiate  the  appropriate  treatment;  for  example,  if  you  should  develop 
an  pneumonia,  we  would  begin  treatment  with  antibiotics.  However,  in  that  case,  we 
would  ask  that  you  or  your  insurance  company  arrange  for  payment  for  the  therapy. 

We  do  not  expect  that  you  will  experience  any  major  harmful  effects  of  this  study. 
However,  because  it  could  be  of  importance  for  future  patients,  an  autopsy  would  be  of 
value  in  determining  the  effects  of  die  treatment.  Therefore,  if  you  should  die  from  any 
cause  (for  example,  a traffic  accident)  during  the  course  of  the  study,  we  will  request  that 
permission  for  an  autopsy  be  granted. 


3.  POTENTIAL  BENEFITS  TO  YOU  OR  TO  OTHERS  WHICH  MAT3L 
EXPECTED  FROM  THE  RESEARCH: 

It  is  unlikely  that  participation  in  this  study  will  directly  benefit  you.  The  correction  of 
the  genetic  defect  of  cystic  fibrosis  will  likely  be  limited  to  only  the  actual  area  where  the 
virus  was  applied  to  the  nose.  The  primary  benefit  will  be  a better  understanding  of  the 
possibilities  for  gene  therapy  with  the  altered  virus  in  cystic  fibrosis.  In  particular, 
information  regarding  the  amount  of  virus  needed  and  the  effects  of  the  virus  on  the  cells 
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of  the  airway  will  be  critical  for  further  studies  which  might  involve  giving  the  virus  to 
the  bronchial  airways  of  the  lung  to  treat  the  disease. 


4.  ALTERNATIVES  THAT  ARE  AVAILABLE  TO.  YOU: 

You  may  elect  not  to  participate  in  this  study  and  this  decision  will  not  affect  your  care  at 
the  University  of  Iowa.  Treatments  of  cystic  fibrosis  include:  chest  physiotherapy, 
antibiotics,  nutritional  and  dietary  measures,  and  experimental  agents  which  might  reduce 
the  thickness  of  the  mucus.  Other  than  the  use  of  DNase,  these  treatments  will  also  be 
available  to  you  during  and  after  the  study.  Since  this  study  will  not  directly  treat  your 
lungs,  a decision  not  to  participate  will  not  affect  your  health. 


5.  CQNFIDENIIALHY: 

A record  of  your  participation  in  this  research  will  be  maintained,  but  this  record  will  be 
kept  confidential.  You  will  be  assigned  a study  number  and  information  will  be  kept 
under  the  number  rather  than  your  name. 

6.  DISCLOSURE  OF  INFORMATION  TO  REGULATORY  AGENCIES: 

The  U.S.  Food  and  Drug  Administration  (FDA)  and  Genzyme  Corporation  may  inspect 
and  copy  your  medical  records  relating  to  this  study,  and  the  results  of  the  study  will  be 
reported  to  the  sponsor,  the  FDA  and  perhaps  to  other  regulatory  agencies.  This 
information  will  be  treated  confidentially  and,  in  the  event  of  any  publication  regarding 
this  study,  your  identity  will  not  be  disclosed. 


7.  RIGHT  TO  ASK  QUESTIONS: 

Questions  about  this  research  will  be  answered  by  either  Dr.  Michael  J.  Welsh,  MJD., 
University  of  Iowa  Medical  Center,  telephone  (319)  335-7619  or  Dr.  Joseph  Zabner, 

MD.,  University  of  Iowa  Medical  Center,  telephone  (319)  335-7574. 

8.  RIGHT  TO  WITHDRAW! 

Your  participation  in  this  study  is  voluntary.  No  penalty  or  loss  of  benefits  to  which  you 
are  entitled  will  occur  if  you  decide  not  to  participate.  After  enrollment  in  the  study,  you 
may  discontinue  participation  at  any  time  before  application  of  the  virus  without  penalty. 
Because  you  will  receive  a virus  for  which  safety  data  in  humans  is  not  yet  available,  the 
risks  are  not  yet  fully  defined.  Therefore,  if  after  having  received  the  virus,  you  wish  to 
withdraw  from  the  study,  you  may  withdraw  from  the  investigational  part  of  the  study. 
However,  you  will  not  be  able  to  leave  the  hospital  room  until  the  cultures  from  nasal 
swabs  show  that  you  no  longer  have  live  virus  on  the  lining  of  your  nose  or  in  your  blood 
or  urine.  Thus,  it  is  likely  that  you  will  have  to  remain  in  the  hospital  for  at  least  two 
weeks  and  possibly  longer.  If  you  feel  that  you  are  not  able  to  make  this  commitment,  we 
recommend  that  you  not  enter  the  study. 

In  addition,  Dr.  Welsh  may  terminate  your  participation  in  this  study  at  any  time  he 
deems  appropriate,  after  he  has  explained  the  reasons  for  doing  so  and  has  helped  arrange 
for  your  continued  care  by  your  own  physician  if  that  is  appropriate.  Reasons  that  he 
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might  discontinue  your  participation  could,  for  example,  include  a significant  worsening 
of  your  clinical  status  unrelated  to  the  experimental  procedure. 


9.  COMPENSATION: 

There  will  be  no  charge  to  you  for  participating  in  this  study  nor  will  you  be  charged  for 
any  tests  that  we  perform.  You  will  be  compensated  for  the  time  and  inconvenience 
involved  in  participating  in  the  research  in  the  amount  of  $75  for  each  day  that  you  spend 
in  the  hospital.  In  addition,  we  will  reimburse  you  for  your  travel  expenses  to  and  from 
the  University  Hospitals  for  each  day  that  you  come  to  the  clinic  for  an  outpatient  visit. 
The  rate  will  be  $0.25  per  mile  and  your  parking  expenses. 

10.  IOWA  FAIR  INFORMATION  PRACTICES  ACT 

The  Iowa  Fair  Information  Practices  Act  (Section  22.1 1,  Code  of  Iowa)  requires  that 
persons  supplying  information  be  notified  of  the  use  that  will  be  made  of  the  information, 
which  persons  outside  the  University  might  routinely  be  provided  this  information,  which 
parts  of  the  information  requested  are  required  and  which  are  optional,  and  the 
consequences  of  failing  to  provide  the  information  required. 

I have  discussed  the  above  points,  including  the  information  required  by  the  Iowa  Fair 
Information  Practices  Act,  with  the  subject  or  the  legally  authorized  representative,  using 
a translator  when  necessary.  It  is  my  opinion  that  the  subject  understands  the  risks, 
benefits,  and  obligations  involved  in  participation  in  this  project 


Investigator 


Date  Auditor-Witness  Date 
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APPENDIX  5 

Scientific  Abstract  of  the  Protocol 


The  goal  of  this  protocol  is  to  assess  the  safety  and  biochemical  efficacy  of  a recombinant 
adenovirus  for  the  treatment  of  cystic  fibrosis  (CF).  Although  the  eventual  aim  of  such  an 
approach  is  to  treat  the  airway  epithelial  cells  in  the  lungs  of  CF  patients,  the  initial  test  will  be 
done  in  the  nasal  epithelia.  We  will  use  nasal  epithelium  because  it  resembles  that  of  the 
intrapulmonary  airways,  because  its  use  allows  us  to  apply  minimal  amounts  of  virus,  and 
because  the  accessibility  of  the  tissue  allows  us  to  measure  directly  the  transepithelial  electrical 
potential  difference,  a property  that  is  defective  in  CF  patients.  Safety  can  also  be  assessed  by 
removing  cells  and  biopsy  tissue  for  examination. 

The  adenovirus  vector  Ad2/CFTR-1  has  the  cDNA  for  CFTR  inserted  in  place  of  the  early  region 
1 genes.  This  renders  the  virus  impaired  for  replication  because  the  El  genes  are  required  for  the 
first  stages  of  viral  infection  and  impaired  for  packaging  DNA  into  virions  because  CFTR  cDNA 
is  larger  than  the  El  DNA  it  replaces.  The  virus  can  be  produced  in  a human  cell  line  called  293 
because  the  cells  constitutively  expresses  El  proteins.  Studies  on  the  life  cycle  of  Ad2/CFTR-1 
indicate  that  it  is  severely  impaired  for  early  and  late  gene  transcription  and  DNA  synthesis  and 
no  Ad2/CFTR-1  virus  replication  has  been  detected  in  tissue  culture  or  animals.  Safety  and 
efficacy  studies  in  cells  in  culture  and  in  animals  including  nonhuman  primates  show:  1)  that 
Ad2/CFTR- 1 can  complement  the  chloride  transport  defect  in  human  CF  nasal  epithelial 
monolayers  in  culture  and  2)  that  other  than  a mild  transient  inflammatory  response,  Ad2/CFTR- 
1 has  no  adverse  effects  in  hamsters  and  monkeys. 

The  protocol  involves  production  of  Ad2/CFTR-1  virus  in  293  cells  that  have  been  extensively 
tested  for  adventious  agents,  using  a viral  seed  stock  that  has  been  similarly  tested.  Following 
purification  and  further  testing,  the  Ad2/CFTR-1  stock  will  be  diluted  to  50-200  )J.l  and  applied 
directly  to  the  nasal  epithelium  Virus  will  be  applied  to  an  area  of  about  0.5  cm2  in  each  nostril 
using  a small  plastic  applicator.  After  30  minutes,  the  virus  will  be  removed  and  the  area 
washed.  Three  patients  will  be  treated  sequentially  with  doses  of  1 x 106,  1 x 107  and  5 x 107 
plaque  forming  units  of  virus. 

Participants  will  be  patients  with  CF  who  are  at  least  18  years  old  and  have  only  mild  to 
moderate  disease.  We  prefer  patients  homozygous  for  the  common  AF508  mutation.  We  will 
require  patients  to  be  seropositive  for  adenovirus  2 antibody  and  to  have  no  evidence  of  Ad2  or 
Ad5  El  DNA  sequences  in  their  nasal  epithelium.  Following  treatment,  patients  will  be 
followed  in  the  hospital  until  the  virus  is  no  longer  present.  Samples  of  nasal  cells  will  be 
brushed  from  the  treated  area  and  tested  for  the  presence  of  CFTR  mRNA  and  protein  and  for  the 
presence  of  replicated  Ad2/CFTR-1.  Measurements  of  the  transepithelial  electrical  potential 
difference  will  be  made  of  the  treated  and  surrounding  areas.  Precautions  to  prevent  spread  of 
the  virus  to  health  care  workers  and  the  environment  are  described. 

The  successful  outcome  of  this  protocol  will  establish  the  safety  and  efficacy  of  Ad2/CFTR-1 
and  will  be  invaluable  in  the  design  of  subsequent  protocols  and  of  future  generations  of 
adenovirus  vector. 
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APPENDIX  6 

Description  of  the  Proposed  Experiment  in  Nontechnical  Language 


Cystic  fibrosis  (CF)  is  the  most  common  inherited  disease  among  the  white  population  of 
Europe  and  North  America.  It  is  characterized  by  chronic  infection  and  obstruction  of  the 
airways  leading  to  the  lungs.  Patients  usually  die  from  the  disease  by  their  mid  twenties.  The 
recent  discovery  and  characterization  of  the  inherited  material  - the  gene  - that  causes  the  disease 
has  lead  to  a rapid  increase  in  our  knowledge  of  the  basic  defect  responsible  for  the  disease  state, 
and  has  raised  the  possibility  of  treating  CF  by  giving  to  the  patient  a good  copy  of  the  CF 
associated  gene.  This  is  a new  approach  to  the  treatment  of  inherited  diseases,  called  gene 
therapy. 

Eventually  gene  therapy  for  cystic  fibrosis  might  be  achieved  by  treating  the  airways  of 
CF  patients  with  a "tailor-made"  virus  that  has  been  altered  to  make  it  less  infectious  and  to 
include  the  CF  gene.  One  possible  virus  to  do  this  is  called  adenovirus.  It  is  normally  associated 
with  minor  respiratory  infections,  such  as  colds.  Although  adenoviruses  have  been  used  safely  in 
the  past  as  vaccines,  we  need  to  test  the  feasibility  and  safety  of  using  such  an  approach. 

This  proposal  is  to  treat  three  CF  patients  with  very  small  amounts  CF-adenovirus  and  to 
test  whether  we  can  measure  correction  of  the  basic  defect  associated  with  the  disease.  Virus 
will  be  applied  to  a small  area  within  the  nose  and  a small  electrode  will  be  used  to  measure  the 
tiny  voltage  that  normally  exists  across  the  lining  of  the  nose.  In  patients  with  CF,  this  voltage  is 
abnormal  because  of  a defect  in  the  CF  gene. 

We  hope  to  be  able  to  measure  such  voltages  in  CF  patients  treated  with  the  virus  just  as 
we  have  been  able  to  do  using  cells  taken  from  the  nose  of  patients  and  grown  in  the  laboratory. 
This  will  be  the  first  step  in  developing  CF  gene  therapy.  We  will  also  do  extensive  tests  to 
establish  whether  the  treatment  was  safe.  If  this  is  the  case,  we  shall  plan  to  extend  the  study  to 
treat  larger  areas  of  the  lung. 
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December  1978 

79-1875 

4A 

August  1978  - December  1978 

December  1978 

79-1876 

5 

January  1980  - January  1980 

March  1980 

80-2130 

6 

January  1980  - December  1980 

April  1981 

81-2386 

I 7 

November  1980  - August  1982 

December  1982 

83-2604 

82 

September  1982  - September  1984 

May  1986 

86-2863 

i 9 

September  1984  - March  1985 

May  1986 

86-2864 

10 

March  1985  - December  1985 

May  1986 

86-2865 

11 

January  1986  - April  1987 

December  1990 

91-3203 

12 

April  1987 

December  1990 

91-3204 

13 

May  1987  - December  1988 

December  1990 

91-3205 

14 

January  1989  - July  1991 

January  1994 

94-3708 

15 

August  1991  - June  1992 

January  1994 

94-3709 

16 

July  1992  - December  1992 

January  1994 

94-3710 

NIH  Environmental  Impact  Statement 

on 

NIH  Guidelines 

October  1977 

for 

Research  Involving  Recombinant  Molecules 
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